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Preface '

In 1982, the National Institute of Allergy and Infectious Dis-
eases (NIAID) established the Program for the Accelerated
Development of Vaccines. For 20 years, this program has helped
stimulate the energy, intellect, and ability of scientistsin micro-
biology, immunology, and infectious diseases. Vaccine research
has certainly benefited. The status report reflecting this
progress in vaccine research has come to be known as the Jor-
dan Report in recognition of Dr. William Jordan, past director
of NIAID’s Division of Microbiology and I nfectious Diseases
(DMID) and the program's earliest advocate.

Thisanniversary edition of the Jordan Report summarizes 20
years of achievementsin vaccine research driven by the explo-
sive technological advancesin genomics, immunology, and

mol ecular biology. Increased knowledge of theimmune system
has helped to define the mechanisms needed for successful
immunization. Genomic tools are hel ping researchersidentify
and fine-tune the targets most appropriate for use in developing
candidate vaccines. The payoffs from genomics are just begin-
ning. Using tuberculosis as an example, in just 6 years research-
ers have sequenced the genome, have identified new targets for
vaccine devel opment, are working to analyze the function of
more than 400 proteins, and are poised to conduct clinical evalu-
ations of the first new candidate vaccinesin 80 years. Thisyear
the Anopheles gambiae and Plasmodium falciparum genomes
have been sequenced and, together with the human genome
data, will allow researchersfor thefirst timeto listenin onimmu-
nologic conversations of vector, pathogen, and host.

Along with these technological advances, there has been a
heightened awareness of the importance of vaccines for global
health and security. Acquired immunodeficiency syndrome
(AIDS), malaria, and tubercul osis have demonstrated to the
world theimportance of public health in economic devel opment.
Most recently, the threat of bioterrorism has reminded many
Americans of the value of vaccines as public health toals.

Articles by outside expertsin this edition highlight many of the
scientific advances, challenges, and issues of vaccine research
during these two decades. As we look to the decade ahead, the
payoffsfrom basic research will continueto invigorate vaccine
development, but economic, risk communication, and safety
challenges are likely to influence the licensing of new vaccines.
The “easy” vaccines have been devel oped; many challenges lay
ahead for new and improved vaccines. The emergent tools and
enhanced interest, commitment, and resources that have been
developed in the preceding decades will be required to meet
these challenges.

CaroleHeilman, Ph.D.

Director

Division of Microbiology and Infectious Diseases
National Institute of Allergy and Infectious Diseases
National Institutes of Health
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History and Commentary
WilliamJordan, M.D.

Oneweekend in early 1980, Dr. John R. Seal, Deputy Director of
the National Institute of Allergy and Infectious Diseases
(NIAID), sat at hisdesk in the basement office of hishomein
Bethesda, Maryland, and drafted a hand-written proposal for the
launching of anew initiativethat led, with few modifications, to
the creation of the Program for the Accelerated Devel opment of
Vaccines and established NIH asthe lead Federal agency for
vaccine research and development. The Microbiology and
Infectious Diseases Program (MIDP), thedivision | becamethe
director for in 1976, assumed responsibility for implementation of
the program. During my tenure, | reported annually toNIAID’s
Advisory Council on the status of vaccine development. In
1992, for the 10th anniversary of thisupdate, Dr. John La
Montagne, my successor as the director of what is now the
Division of Microbiology and Infectious Diseases (DMID),
named thisreport the Jordan Report. Although | retired in 1987, |
have been able to keep in touch with the staff of thisdivision
thanksto the kindness of Dr. Anthony Fauci, Director of NIAID,
and have been doubly honored by the request that | write my
personal historical perspective for this 20th anniversary report. |
beg the indulgence of the reader for what followsis, of neces-
sity, somewhat autobiographical, and the “introduction” has
evolved into an accounting of 20 years of effort to develop new
and improved vaccines.

How wasit that | cameto discuss vaccines with Dr. Seal ?
Without conscious effort, | was prepared to do so, beginning
with Dr. Hans Zinsser’s bacteriology course at Harvard Medical
School and Dr. Leroy Fothergill’selectiveinimmunology. My
laboratory instructor was Dr. John Enders. For the thesis
required by the Department of Parasitology, | chose to write
about the epidemic of eastern equine encephalomyelitisin
humansthat occurred in New England in August 1938, the
month before | entered medical school. | wrote that Fothergill
and Dr. John Dingle (unknown to me at the time) had recovered
the virus from brain tissue, and that the latter had shown that
thevirus produced afatal diseasein pigeons(1). In 1940-41,
during my medical clerkship on the Harvard service of Boston
City Hospital, | functioned as an intern (striker) because so
many of our house officers had joined military service. My
attendantsincluded Dr. Maxwell Finland, Dr. Chester Keefer, and
Dr. Dingle. | sat by the bedside of a patient with pneumococcal
pneumoniawho was experiencing acrisisinduced by type-
specificimmune serum. Oneyear later, asan intern on the same
service, | was successfully treating patients, under the direction
of Dr. Finland, with sulfonamide drugsfor similar infections.
About thistime, Dr. Dingle and Dr. Lewis Thomas confirmed Dr.
Harry Dowling'sreport that sulfadiazinewas highly effectivein
thetreatment of meningococcal meningitis.

After Pearl Harbor, most of my able-bodied classmatesjoined
either the Army or the Navy. Just before | |eft for active duty in
the Navy, | was an assistant resident and treated a patient
critically ill with staphylococcal bacteremia secondary to ahuge
carbunclewith penicillin, anew antibiotic rationed by acommit-
teechaired by Dr. Keefer. My chief resident, Dr. Carlton
Chapman, kindly mailed the patient’s discharge summary to me
at my first duty station at the Naval Operations Basein
Reykjavik, Iceland. After enjoying this capital city for some
months, | was assigned as medical officer to aremote tank
farm—run by the Seabees and guarded by the Marines—that
served as the North Atlantic fuel depot for the United States and
British fleets. Shortly after we had been frozen in for some days,
aliberty party madeit to Reykjavik and back, bringing influenza
virusto the base. | was able to track the spread of illness from
Quonset hut to Quonset hut while rgjoicing that there were no
serious illnesses even among the older Seabees. | was so
pleased with the report on the epidemic that | prepared for the
Navy that | sent acopy to Dr. Finland. | was later to learn that
Dr. Thomas Francis, with the help of Dr. Jonas Salk, had recently
developed an inactivated influenza virus vaccine that was highly
effectivein young military recruits.

Shortly after D-day inthe summer of 1944, | flew home on leave
before my next duty assignment. My home wasin Fayetteville,
North Carolina, just 10 milesfrom Fort Bragg, anArmy base
whose mission included the basic training of new recruits. It also
housed the laboratory of the Commission on Acute Respiratory
Diseases (CARD) under the auspices of the Armed Forces
Epidemiological Board (AFEB). Dr. Dinglewasnow Director of
CARD, with astaff that included Dr. T. J. Abernathy, Dr. George
Badger, Dr. Alto Feller, Dr. Alex Langmuir, Dr. Clayton Loosti, Dr.
Irving Gordan, Dr. Charles Rammelkamp, and Dr. Hugh Tatlock.
That group was to define an epidemic respiratory disease
syndrome distinct from influenza—acute respiratory disease
(ARD) for military recruits—and to show by volunteer studies
that it was etiologically distinct from the common cold and
primary atypical pneumonia, despite the inability to culture any
of theagents (2). Someyears|ater, Dr. Maurice Hilleman, then at
Walter Reed Army Institute of Research (WRAIR), isolated an
agent (RI 67) during an epidemic of ARD at Fort L eonard Wood
that was shown to belong to the family of adenovirusesfirst
identified by Dr. Robert Huebner and Dr. Wallace Rowe of
NIAID’sintramural laboratories (3). Evenlater, Dr. Robert
Chanock, working in the same laboratories with adenoviruses
type 4 (RI 67) and type 7, developed alive, oral vaccine that was
shown to be highly effectivein marinerecruits (4). A manufac-
turer, Wyeth, devised away to stabilize thelive virusin tablets
and created a bivalent adenovirus vaccine that was soon being
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administered to al military recruits. ARD essentially disap-
peared. Curioudly, attemptsto find adenovirus 4 at the military
academiesand in civilian populationsfailed, limiting the market
for the vaccine. This fact was to have serious conseguences in
recent years when the manufacturer stopped making the vaccine
for the Department of Defense, and ARD returned to recruit
camps. Asfor another of the three entitiesidentified by CARD,
atypical pneumonia, NIAID’sDr. Chanock was among thefirst to
show that it was not caused by a virus, but by an antibiotic-
sensitive mycoplasma, Mycoplasma pneumoniae (5), subse-
guently shown to be the cause of 25 percent of al cases of
pneumoniarequiring hospitalization. Attemptsto develop a
vaccine have not been successful to date.

My next duty assignment was to the Tropical Disease Service of
the Hospital of the National Naval Medical Center in Bethesda,
Maryland, wherethe wardswerefull of marinesback fromthe
South Pacificwith P. vivax maariaand filariasis. Wewere ableto
report to acommittee headed by Dr. James Shannon, destined to
become Director of NIH, that anew drug, chloroquine, was
effectivefor thetreatment of malaria. Also, my rudimentary
knowledge of immunology was boosted by a study of the use of
the antigen of the dog worm, Dirofilariaimmitis, for askintestin
humans. Thanks to the kindness of my two senior officers, this
resulted in my first scientific publication (6). Next followed 16
months of sea duty in the Pacific, culminating in ferrying troops
to Japan and waiting to bring them home. | learned that respira-
tory infections disappeared after aweek at sea.

In August 1946, | returned to Boston City Hospital as Assistant
Resident and reestablished contact with Dr. Finland and Dr.
Dingle. The latter had accepted the invitation of the dean of the
School of Medicine of Western Reserve University (now Case
Western Reserve University) in Cleveland, Ohio, to create anew
Department of Preventive Medicinewith responsibility for the
care of patients with infectious diseases in University Hospital.
Dr. Dingle accomplished thisby bringing al ong three members of
the senior staff of the CARD laboratory at Fort Bragg and
adding others, including Dr. Harold Ginsberg, who had been
Chief of Medicine at Fort Bragg's hospital and had done
postwar research at the Rockefeller Institute, and Dr. Richard
Hodges, a pediatrician who had conducted the pioneering study
of pneumococcal polysaccharide vaccinewith Dr. Colin McLeod
at anArmy air basein Sioux Falls, South Dakota. Devel opment
of this effective vaccine was made possible by the basic
research of Dr. O. T. Avery, Dr. Michael Heidelberger, Dr. Maclyn
McCarty, and Dr. McLeod. It led to the successful studies of Dr.
Robert Austrian involving South African gold miners, which
became the basis for the current 23-valent polysaccharide
vaccine recommended for usein adults. Dr. Dingle, now adept at
soliciting grant and contract funds, asked meto join his Depart-
ment of Preventive Medicineinthe summer of 1947, withajoint
appointment in medicine.

My first assignment wasto Division 30 in University Hospital, a
unit with airflow designed to limit the spread of microbes. This

clinical setting provided the opportunity for me to observe
multiple cases of cold agglutinin positive (the only diagnostic
test that was available until M. pneumoniae was discovered)
primary atypical pneumoniain anumber of familiesandto
confirm the previously reported incubation period before
antibiotic therapy altered the epidemiology. Patientswith
pneumococca pneumonia became the source of convalescent
serafor astudy of the effect of penicillin treatment on the
immune response to the infecting pneumococcus. Most
importantly, this continuous clinical activity introduced meto
the young and senior physicians of the staff so that when the
polio epidemic of 1952 struck, | was asked to chair the hospital’s
polio team. It was a brutal introduction to paralysis and tracheo-
stomies when city and university hospitals faced a shortage of
respirators. A fated care of love bird-related psittacosis led to the
identification of afamily epidemic with the help of serologic
studiesdone by Dr. Hillerman’slaboratory at WRAIR (7).
Division 30 also gave me access to beds for two patients
suffering alate complication of syphilis—paroxysmal cold
hemoglobinuria. With the help of afine protein chemist, Dr.
LouisPillemer, | wasableto describetherole of complement
components in the hemolysis of the Donath-Landsteiner
reaction (8).

At Western Reserve University, | joined in the teaching of
preventive medicine, including the use of vaccines, and soon
becameinvolved intwo major research activities: Examination
and experimental revision of themedical school curriculum, and
planning and participation in alongitudinal study of illnessin a
group of young familiesliving in the Cleveland suburbs close to
the medical school. This9-year (1948-1957) study of adefined
population of civilians becameknown asthe Cleveland Family
Study (9). It described the incidence and behavior of undifferen-
tiated common respiratory diseases, streptococcal infections,
influenza, infectious gastroenteritis, and al other illnesses using
the laboratory tools then available. The plethora of new respira-
tory and enteric viruses “ searching for diseases’ became
available just asthe project ended. But | did have the opportu-
nity to study epidemicsof H, N, influenzain 1950, 1951, and 1953
and to show that prior familial contact with the virus effected an
approximate 70-percent reduction in rates of influenza-like
diseases after an interval of either 1 or 2 years. The study
continued through the pandemic of H,N, (Asian) influenzain
1957. Incomparison withthe earlier H, epidemics, H,virus
infected more than three times as many families and two to three
times as many persons. Littleinfluenza vaccine was used despite
itsavailability. The attack rate was highest in the 5- to 15- year-
old age group, and school children were responsible for more
than four-fifths of the introductions of virus to the homes—a
good reason for immunizing children during the next pandemic.

It was now possible to grow adenoviruses. This allowed Dr.
Ginsberg to test sera stored since the CARD volunteer experi-
ments. Men infected with the ARD inocula showed antibody
responses to type 4 adenovirus, confirming the observation that
thisvirusisacause of ARD for military recruits (10). Inthe
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spring of 1954, shortly after theidentification of type 4 adenovi-
rus, | screened serafor type 4 neutralizing antibody. None of 73
children (1 to 18 years of age) had this antibody. For the parents,
6 of 43 mothers (14 percent) and 20 of 41 fathers (49 percent) had
type 4 antibodies (11). Further, the availability of seracollected
at intervalsin previous years permitted measurement of thetime
and frequency of acquisition of type-specific adenovirus
antibodiesin thefirst 5 years of life. There was a steady increase
in the percentage of children with type 2 antibody such that by
the age of 5 years, 51 percent of children had this antibody. The
acquisition of type 1 antibody occurred at asimilar rate to the
37-percent level by age 5. Except for an epidemic of nonbacterial
tonsillitis and pharyngitisin the summer of 1954 that was
associated with type 3 adenovirus, it was not possible to
associate an illness with the viral isolation that was responsible
for the acquisition of antibody. For this and other reasons, it was
estimated that an effective polyvalent vaccine would result in
only a6-percent reduction in the number of illnesses experi-
enced by childreninthefirst 10 years of life—an observation
that undoubtedly reinforced industry’s lack of interest in such a
vaccine. It isnow known that there are more than 50 adenovirus
serotypes.

Asnoted, during the summer and fall of 1952, the Cleveland
metropolitan area experienced the highest incidence of poliomy-
ditisinitshistory. Thevirus most frequently isolated from
clinical caseswastype 1. One paralytic case of type 1 occurred
in a13-year-old boy in one of the study families. He recovered
without residual. Testing of pre-epidemic serafrom 158 persons
showed that this group was highly susceptible (68-70 percent)
to all polio types. Of 147 personstested, there were atotal of 52
isolations, of which 48 were from thethroat. Type 2 predomi-
nated (12), followed by type 1 (9) and type 3 (1). Therewasho
evidence of infection in the presence of homotypic antibody.
Two years later, during the months of October and November
1954, at which time no cases of paralytic poliomyelitiswere
reported in the community, six strains of type 1 polioviruswere
isolated from pharyngeal swabs collected at the time of respira-
tory illnessesin three families (12). Theindividualswho shed
virus devel oped serologic incidence of infection. Because of Dr.
Albert Sabin’sinterest in finding avirulent strains, the viruses
were sent to him for testing in cynomolgus monkeys. He
summarized hisresults asfollows: “ The quantitative
tests...performed in monkeyswith the poliomyelitis strainsfrom
families 29 and 80 indicate that they belong at the other attenu-
ated end of the spectrum that would be expected to be

nonparal ytogenic for chimpanzeesin the maximum dosage.”

| later visited Dr. Sabin at hislaboratory at Children’sHospital in
Cincinnati, Ohio, with the request that he test paired serafrom
patients with gastroenteritis with an agent recently identified by
him that hefirst called “human enteric virus,” later classified asa
reovirus. The tests were negative, but | was treated to areview
of hislaboratory notebooks for testing polioviruses in monkeys
during the several days of my visit. One of the investigatorsin

Sabin’'slaboratory prior to joining NIAID was Dr. Robert
Chanock, who had just discovered parainfluenzaviruses (13);
three types were later to beidentified. Accordingly, sera
collected throughout the Cleveland Family Study and in thefall
of 1957 weretested for neutralizing antibody for each type (9).
With type 1, the percentage of individuals with a detectable
antibody increased with age to 50 percent by age 14 years, along
with 75 percent of adults. Comparison of the 1957 antibody
levelsfor parentswith their levelsin 1947-48 indicated that type
1 was highly active in this population during the 10 years of the
study. With type 2, antibody was found in one-third of the
children and one-half of adults. With type 3, the percentage of
individualswith antibody waslow at 1 year of age (9.5 percent),
but rose rapidly, reaching 65 percent by 242 years of age. By 32
years, 85 percent of the children had the antibody. Studies by
others have shown that such infections are responsible for a
significant amount of morbidity, afact that has stimulated efforts
to develop a parainfluenzavirus vaccine.

The gastrointestinal illnesses that prompted the visit to Dr.
Sabin were among the 4,057 (16 percent) of 25,155 total illnesses
observed during the 10 years of the family study. Early observa-
tions suggested that at |east two types of illness—afebrile and
febrile—were occurring in the population. In collaboration with
Dr. Irving Gordon, then at the Division of Laboratories at the
New York State Health Department in Albany and who facilitated
transmission and cross-challenge studies with volunteers
housed in an isolation unit at the New York State Vocational
Institution, West Coxsackie, New York, evidence was obtained
that at least two agents were responsible for nonbacterial
gastroenteritis (14). We lacked the electron microscopy and
other sophisticated technology used by Dr. Albert Kapikian to
identify rotaviruses and a number of other viruses responsible
for diarrheal illnesses. Many studies have now shown that such
viruses cause sufficient morbidity here and abroad, particularly
in developing countries, to justify the development of vaccines.

There was no difficulty making the diagnosis of streptococcal
tonsillitisand pharyngitisin the well-housed Cleveland Family
Study population. Fortunately, the 437 infections accounted for
only 2.77 percent of 15,783 respiratory infections. The samewas
not true of military populations, particularly those in the Rocky
Mountain area. CARD created acommittee headed by Dr.
Rammelkamp to attack the problem, and the Army assigned two
medical officers, Dr. Floyd Denny and Dr. L ewisWannamaker, to
temporary duty at Western Reserve University to work with Dr.
Rammelkamp. A field laboratory was established at Fort Francis
E. Warren, an Air Force base near Cheyenne, Wyoming, for
conducting epidemiological and clinical studies of streptococcal
infections and rheumatic fever. It was this group that demon-
strated that penicillin treatment of streptococcal infections
prevented rheumatic fever (15). The committee evolved into the
Commission on Streptococcal and Staphylococcal Diseases and
advised the armed services regarding the use of routine bicillin
prophylaxis. Another maninthe“ Strep Lab” wasRichard
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Krause, a student at Western Reserve University School of
Medicinewho took ayear off in 1950-51 between histhird and
fourth yearsto work as alaboratory technician in Wyoming. In
time, he became Director of NIAID and sent Dr. Sedl to Lexing-
ton, Kentucky, to recruit meto NIH. Now with Fogarty Interna
tional Center, Dr. Krause maintains an interest in streptococcal
infections and is so encouraged by the work of those trying to
develop agroup A vaccine that heis seeking asitein India
where one could be tested.

During my yearsin Cleveland, | had increasing contact with
other investigators with similar interests through attending
meetings of professional societies. My mentor, Dr. Dingle, made
me amember of CARD in 1956, and | becamethe director of this
busy commission in 1959. It wasin this capacity that | first met
Dr. Sedl, then anaval medical officer at Great LakesNava
Training Station. It was customary for CARD and the Commis-
sion on Influenzato hold a 1-day joint meeting before the
annual fall meeting of the Central Society for Clinical Research
in Chicago. Dr. Seal and otherswere active participants. Our
contact continued during my years at the University of Virginia
School of Medicinein Charlottesville. Heretired from the Navy
to become Scientific Director and then Deputy Director of
NIAID under Dr. Dorland Davis. Inthis capacity, heinvited me
to serve as chairman of two U.S. delegations to the Soviet
Unionintheearly 1970swhilel was Dean of the College of
Medicine at the University of Kentucky in Lexington.

Prior to my yearsin Kentucky, | served as Chairman of the
Department of Preventive Medicine and Professor of Preventive
Medicine and Medicine at the University of Virginia. Shortly
before my move from Western Reserve University, rhinoviruses
had been grown in human diploid cells, so this breakthrough
was used in the study of respiratory illnessesin alarge popula
tion of officeworkers(16). | had the help of Dr. Jack Gwaltney, a
graduate of the University of VirginiaMedical School who had
interned at University Hospital in Cleveland and was recruited
fresh out of military serviceat Fort Dix, aswell asDr. Owen
Hendley and Dr. Gilbert Simon, EIS officersassigned by the
Centersfor Disease Control and Prevention (CDC) to my
laboratory. Rhinovirus infections occur year round, with a peak
in September and early October. There are many viruses that
cause upper respiratory symptoms, but rhinoviruses are the
most common. Dr. Gwaltney joined aninformal consortium
consisting of Dr. Vincent Hamparian, Dr. Kapikian, and othersto
characterize more than 100 serotypes, with no few types
predominating. The prospect of developing a broadly protective
vaccine given so many different serotypesis daunting, al-
though type-specific immunity has been shown to occur.

Whilestill in Charlottesville, | became morefamiliar with NIAID
through service as Chairman of the NIAID Panel on Respiratory
and Related Viruses and asamember of itsBoard for Virus
Reference Reagents. At the University of Kentucky, | served as
amember of the NIAID Infectious DiseasesAdvisory Commit-

tee and as amember of the Food and Drug Administration (FDA)
Bureau of Biologics Panel on Review of Viral and Rickettsial
Vaccines. | resigned as Dean of the University of Kentucky's
College of Medicinein 1974 to take a sabbatical year at the
London School of Hygiene and Tropical Medicine. During this
time, | visited the departments of community/social medicinein
all of the medical schoolsin the United Kingdom to study the
relationship between medical education and arecent reorganiza-
tion of the National Health Service. | met anumber of infectious
disease investigators and became familiar with the personnel and
activities of the National Institute for Biological Standardsand
Contral. | wasback in Lexington writing abook about my
observationswhen Dr. Krause, Dr. Davis' successor in 1975, had
Dr. Sedl invitemein 1976 to head anewly created extramural
program (MIDP). By thistime, | knew something about vaccines
and therole of the government in their devel opment.

Attracted by the opportunity to return to infectious diseases, |
visited NIAID to learn more about the director’s reorgani zation
of the management of extramural research into two programs
(now divisions): Immunology, Allergic and Immunologic Dis-
eases and Microbiology and Infectious Diseases. Each of these
programs was organized into branches. In subsequent corre-
spondence, it was agreed that | could add a new Epidemiology
and Biostatistics Branch and rename an existing one Devel op-
ment and Applications. The latter was to be led by an aggressive
branch chief, Dr. George Galasso, with afocus on the devel op-
ment of vaccines and antivirals. He was assisted by a group of
talented program officers, including Dr. James Hill (respiratory
infections) and Dr. Frank Tyeryar (hepatitis), along with Dr. John
LaMontagne, who arrived with mein 1976 in timeto mastermind
the testing of monovalent swine influenza vaccine as Influenza
Program Officer. When Dr. Hill leftin 1983 to assist Dr. Kenneth
Sell, Scientific Director, Dr. David Klein assumed responsibility
for Haemophilusinfluenzae and Streptococcus pneumoniae and
wasto play amajor rolein support of the acellular pertussis
vaccinetrialsin Sweden. Along with Dr. PeteAllen (virology), Dr.
Richard Horton (mycology), and Dr. Milton Puziss (bacteriol-
ogy), they did much to further my education.

Withinayear, | wasableto recruit Dr. Robert Edelman, again
with the help of Dr. Seal, to serve as Chief of the Clinical Studies
Branch. Asan Army medical officer, Dr. Edelman had been
assigned to Western Reserve University to assist Dr. Dingle as
President of AFEB. He then was stationed at the U.S. Army
Medical Research Institute of Infectious Diseases (USAMRIID)
doing vaccine research there and in Southeast Asia. He later
became my deputy and joined in afailed attempt to develop a
vaccine for Rocky Mountain spotted fever with collaborators at
USAMRIID and the NIAID Rocky Mountain Laboratory.

One of my first assignments after my arrival wasto serve as
Chairman of the Technical Advisory Committeefor the Cholera
Laboratory in Dhaka, Bangladesh, aU.S. Agency for Interna-
tional Development (USAID)-funded activity inwhich Dr. Seal
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had agreat interest. There, | met Dr. George Curlin, who had first
been sent to Dhaka by Dr. Seal and was now Chief of the
CholeraL aboratory’s Division of Epidemiology. Hejoined usas
Chief of the new Epidemiology and Biostatistics Branch. Dr. Bill
Blackwelder was recruited from the bi ostatistics program at the
University of North Carolina School of Public Health and proved
to be avaluable critic and designer of vaccinefield trials. Heand
Dr. Curlin were to spend many months fostering successful trials
of acellular pertussis vaccines. Otherswho joined the Epidemiol-
ogy and Biostatistics Branch were Dr. Richard Kaslow from CDC
and Dr. Alfred Saah from the University of Maryland. They later
designed and implemented one of NIAID’sfirst research efforts
before the discovery of the human immunodeficiency virus
(HIV), the acquired immunodeficiency syndrome (AIDS) virus:
The Multicenter AIDS Cohort Study (MACS), alongitudinal
study of male homosexuals that continues to provide useful
guidelinesfor vaccinetrials.

By reason of my position, | became aliaison attendee at
meetings of the CDC Advisory Committee on Immunization
Practices (ACIP) and the FDA Vaccines and Related Biol ogical
ProductsAdvisory Committee (VRPAC), and became part of an
unofficial interagency group concerned with vaccines. One of
this group’sfirst activities was to attend open meetings of
distraught parents who were convinced that the whole-cell
pertussis vaccine then in use had caused their young infants
sudden death or their children’s epilepsy. This proved to be the
forerunner of anational—indeed international—anti-immuniza-
tion movement that began with the showing of atelevision
program entitled “ DPT-Vaccine Roulette” onApril 19, 1982. For
pertussis, it accelerated the effort to develop aless reactogenic
acellular vaccine. Asfor theinteragency group, there were
influential spokesmenlikeDr. D. A. Henderson of smallpox fame
who called for an expanded and more coordinated national effort
to develop vaccines. The Department of Health and Human
Services (DHHS) had authorized the creation of an official
interagency group in 1980, and its membersworked with the
legidative staff of DHHSto design the National Vaccine Program
and its National VaccineAdvisory Committeelater called for by
Congress. Asweshall see, NIAID isjustified in claiming
parenthood for this course of events, beginning with Dr. Seal’s
draft proposal.

Inaddition to CDC and FDA, my knowledge of the vaccine
needs of the military and of children was enhanced by continu-
ing membership on AFEB and asaliaison member of the
Committee on Infectious Diseases of the American Academy of
Pediatrics. With these contacts and considerable input from
MIDP staff, | was prepared to present a paper requested by the
Ingtitute of Medicine (IOM) at a conference on pharmaceuticals
for developing countriesin January 1979. With referenceto
vaccines, | reported that NIH, CDC, FDA, Army, Navy, and
USAID spent only $23 millioninfiscal year 1978 on vaccinesfor
11 domestic diseases and 7 tropical diseases. NIH, mostly
NIAID, spent $4.7 million, of which $871,000 wasfor topical
diseases. Clearly, the vaccine effort needed to be expanded.

TheAmerican Society for Microbiology’s Washington, DC,
branch invited me to address its annual banquet in October
1979, and | used thetitle “Microbes, Parasites and the Health of
Nations’ to compare life expectancy in the United States with
that in the developing world and to describe the new World
Health Organization (WHO) program for researchin six selected
tropical diseases. | concluded with mention of “anew NIAID
program that could be expanded if additional funds were
available” entitled International Collaboration in Infectious
Disease Research (ICIDR). Thel CIDR program isamodification
and extension of a prior program that supported International
Centersfor Medical Research (ICMR), whose studiesincluded
noninfectious diseases. The ICMR grants expired in May 1980
to be replaced by | CIDR grants, with major portions of the
research being conducted overseas in collaboration with
international scientists. Asacomplementary initiative, NIAID
provided funds for the establishment of U.S.-based Tropical
Disease Research Units (TDRUS). Thesetwo related programs
were designed and monitored by Dr. Earl Beck, who also
supervised the United States-Japan Cooperative Medical
Sciences Program. Joint panels of this program, aswell asthe
ICIDR and TDRU, deal with vaccineswhen appropriate: Cholera,
dengue, rabies, encephalitis, tuberculosis, leprosy, and malaria.
Dr. Harley Sheffield, aparasitol ogist, succeeded Dr. Beck. They,
like me, have now retired; none can claim much success with the
development of vaccines for parasitic diseases.

With a description of my personal background and of the
members of the MIDP staff who wrote the early issues of this
report, it istimeto return to the proposal written by Dr. Seal, the
hero of this story. The proposal was prepared for Dr. Richard
Krause, NIAID Director, inresponseto al1979 call from DHHS
for new health research initiatives. Dr. Krause, along with
reference to bound volumes of NIAID Advisory Council
minutes, has helped me verify the sequence of events before
and after Dr. Seal set pencil to paper. Dr. Krauserecalls, asdol,
that the draft was written in near perfect sequence on along
yellow pad. He particularly recalls how often hereferred to the
resulting vaccine program when testifying before congressional
budget committees.

Dr. Seal and | had discussed vaccines many times over the
years, and hewas, of course, familiar with the extramural vaccine
research being supported by MIDP. Since he had recruited many
of theinstitute'sintramural investigators when he was Scientific
Director, he a so knew of their work on vaccines. He had cleared
my manuscript for presentation at the |lOM meetingin early 1979
in agreement with the statement that the Federal Government,
particularly NIAID, should do more to promote vaccine research
and devel opment.

Thefirst mention of the call by DHHSfor initiativesfor health
research appearsin the NIAID Advisory Council minutesfor
January 29-30, 1981. (I elected not to explore DHHS archives.)
These are the minutes that included as Attachment X1 a copy of
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thefull proposal for the Program for the Accel erated Develop-
ment of Vaccines submitted to DHHSin September 1980.
Curiously, thereisno mention of the DHHS request in NIAID
Advisory Council minutesfor 1979 or 1980. But there were hints
that we were at work. A virology task force had been created in
thefall of 1976, and itsreport was reviewed at the January 31-
February 1, 1980, meeting. It recommended that the areasto be
emphasized and expanded should include live virus vaccines
and new and improved inactivated virus vaccines. Earlier, | had
worked with MIDPstaff and Dr. Seal to prepare alisting of
vaccinesbeing developed by NIAID intramural and extramural
scientists. Thislisting was included as Attachment 11 in the
NIAID Advisory Council minutes of October 23-24, 1979. It was
the basis for the tables submitted with the NIAID proposal, one
of which became the prototype for the tables included in annual
reports thereafter.

A copy of the proposal sent by Dr. Krause to the secretary of
DHHSIn September 1980 wasincluded inthe NIAID Advisory
Council minutesfor January 29-30, 1981. The proposal included
Dr. Seal’s description of what each agency would contribute,
with emphasis on the need for a“different kind of interagency
work group.” Intruth, apart from meeting with the Public Health
Service I nteragency Group to Monitor Vaccine Development,
Production and Usage, the only group that | “coordinated” was
the MIDP staff previously noted.

Dr. Seal described the purpose and rationale of the program in
the introduction:

The purpose of anew vaccine development initiativeis
to develop within the HHS aclearly identified and
recoghized, coordinated approach to the further
conquest of vaccine preventable diseases. New
knowledge and technology emerging from basic
research provide new opportunities to solve problems
that have been largely insoluble with earlier technology
and knowledge. Theincentive for expanded effortslies
in recombinant DNA and hybridoma technologies and
in the better understanding of the workings of the
immune system. The new technologies permit radically
different approachesto the problems of immunization.
Thegoa of theinitiativeisto expedite the availability
of needed vaccines, and its essence is the selection of
afew candidate vaccines for intense effort with
additional funding so as to bring these vaccines into
use at least several years earlier than might otherwise
be so...Effortsalso will be madeto improve pertussis
vaccine by reducing reactogenicity.

To emphasize that progress had been made already inimple-
menting the program, the submission to DHHS included the
following:

The Institute has held discussions with the Institute of
Medicine (IOM) and is expecting aproposal from them
asone step inimplementing thisinitiative. The |IOM

has been invited to undertake the review of potentially
vaccine preventable diseases from the standpoint of
socioeconomic and medical needs and to assess the
cost benefits of vaccines for each of these diseases
and the interest of industry in developing each vaccine
and the prospective roles of government and the
private sector. We expect these studies to get under
way in early calendar year 1981 with the diseaseslisted
herein given first priority. Eventually all vaccine
preventable diseases will be reviewed in this manner
including those where the exposure may only be under
specia circumstances (e.g., veterinarians, laboratory
workers) or in the devel oping countries.

And speaking directly to the budget, the submission included
the following regarding resources:

The NIAID is proposing the creation of aspecial fund
by FY 1984 that would represent an increase of over
$25 millioninthe NIAID budget between 1981 and
1984. Thiswould bereflected in atotal of $25 millionfor
the vaccine initiative under the contracts and agree-
ments area of the FY 1983 budget submission and $30
millionin FY 1974. Therealso would be anitem of $12
million for other vaccine devel opment, representing
continuing of research and development at present
levels of effort for vaccines not included in the
initiative. Other participating agencies would al so need
toincreasetheir efforts and will be requesting specifi-
cally identified funds as the projects to be included are
identified. Theinitiativewill alsorequireanincreasein
staffing for the NIAID to manage the program.

Six positions were described. The proposal included three
hastily assembled tables listing the status of current vaccine
development efforts. Tables 1, 2, and 3 are attached so that the
reader may judge the optimism with which staff approached this
opportunity to assist investigators to turn 59 antigens into
vaccines for 25 diseases.

Asfor resources, the $25 million plus requested was badly
needed. When Dr. Krause arrived in 1975, the NIH budget was
$2,108,886,000; theNIAID budget was $119,417,000. Dr. Krause
felt that hisinstitute’s budget had fallen behind that of certain
others, imposing avery restrictive payline, or score, on new
research grants. Any requests for new contract proposals from
industry would have to be backed up by new funds. Perhaps
there was hope. By 1981, the NIH budget request increased by
morethan $1 billion to $3,569,405,000, and the NI AID budget
request wasfor $232,077,000. But in 1981, $1.62 wasrequired to
purchase what $1 bought in 1975.

Since NIAID received no specia appropriation of fundsfor its
vaccineinitiative, the program staff and contracts office had to
apply talent and imagination to “ accelerate” vaccine develop-
ment. This included the wise use of seed money for contracts
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with industry, and seeking approval of the NIAID Advisory
Council to adjust the scores (raise to pay) of meritorious
vaccine-related grant proposals. Somehow, vaccine research and
development intensified, and the institute’s budget shared with
all of NIH the admiration and generosity of Congress, particu-
larly after the advent of AIDS.

A year after the proposed initiative for the Program for the
Accelerated Development of Vaccineswas endorsed by DHHS,
it was assumed that the new secretary, Margaret Hechler, would
continue to support the program. In the fall of 1981, just asthe
first cases of AIDS were recognized, the professional staff of
MIDP met for 3 daysto review the status of its vaccine devel op-
ment program. Each program officer reviewed the diseases and
microbesin hisor her portfolio, after which a consensus was
reached as to those vaccines that should be assigned priority
for accelerated devel opment. Following review and discussion
of more than 30 agents or groups of agents, excluding influenza,
the staff updated three developmental listings. 1) Development
completed, ready for expanded clinical trials; 2) encouraging
progress made, further development needed; and 3) early
development, basic studiesin progress. Concurrently, the
agents were placed in three categories for phased, sequential
study: 1) Diseases for which safe, effective vaccines do not now
exist, but that result in high morbidity, mortality, or socioeco-
nomic costsin the U.S. population in general; 2) diseases of
importance to special subsets of the U.S. population; and 3)
diseases of importance to developing nations.

Next, the diseases were ranked according to priority of need in
the United States and developing countries, and then ranked
according to technical feasibility and the prospects for acceler-
ated devel opment using new and emerging technology. A
consensus was reached as to how these rankings should be
integrated. On thisbasis, MIDP staff assigned priority to 10
agents or agent pairs, 5 for use in the United States and 5 for use
in developing countries, asfollows:

United States Developing Countries

1 H.influenzae 1 Malaia

2. Gonococcal 2. Typhoid/Escherichiacoli

3. Parainfluenza/Respiratory
Syncytid Virus(RSV)

3. Leprosy

4. Pertussis(improved) 4. Streptococcal, group A

5. Rotavirus 5. Shigdla

Asproposed, inthefall of 1982, the |lOM of the National
Academy of Scienceswas asked to undertake areview of
potential vaccine-preventable diseases from the standpoint of
socioeconomic and medical needs and for an assessment of the

cost/benefit ratios of vaccines for each of these diseases to
assist NIAID in setting priorities for development and to
develop for NIAID anew model system for the decisionmaking
process that can be applied to the setting of prioritiesin the
future. AIDS was excluded because high priority had been
assigned aready to development of an HIV vaccine, and the
secretary soon announced, with Dr. Robert Gallo at her side, that
such avaccine would be availablein 2 years. IOM created a
committee of 17 scientistsunder the chairmanship of Dr. Sam
Katz, to be assisted by 6 consultants; afine IOM staff under
study director Dr. Roy Widdus; and liaison membersfrom CDC,
FDA, and the Army. The committee developed amethod for
ranking diseases of domestic importance based on a quantitative
model in which vaccine candidates were ranked according to
two principal characteristics: Expected health benefits (reduction
of morbidity and mortality) and expected net savings of health
resources. One vaccine automatically ranked higher on the
priority list than another if it produced greater health benefits
and greater savings. If avaccine produced greater benefits but
cost more (or produced a smaller savings), then apolicy
judgment was required to decide whether the additional benefits
justified the extraexpenditure. The method was applied to 14
diseases of importance in the United States and for which new
or improved vaccines were judged technically feasible within the
next decade (17).

The same IOM committees assisted by 18 consultants next
considered diseases of importance in developing countries. The
same method was applied to 29 vaccine candidates for 19
diseases of importance in such countries, where, as before, new
or improved vaccines were judged technically feasible within the
next decade. Thefive priority vaccinesin each category are
listed below with the dates when each study was completed
rather than the publication date for comparison with the above
MIDPlisting of 1981 (18).

United Sates, 1984 Deveoping Countries, 1985

HepatitisB (rDNa) Malaria

RSV (attenuated/live) Malaria(sporozoite)

H. influenzaetypeb (Hib) Rotavirus (three candidates)

Influenza (attenuated/live) Typhoid (Ty21a)

Vaicdla Shigella
As noted previously, high priority had been assigned already by
NIAID to AIDS and improved pertussis vaccines.

Before the two IOM reports were received, the first progress
report on the Program for the Accelerated Devel opment of
Vaccines prepared by MIDP staff in November 1982 was
submitted to the institute’'sAdvisory Council in January 1983. It
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was Dr. John LaM ontagne, under whom MIDPbecame DMID,
who named the 1992 annual report for me, and it has continued
to flourish under his leadership and that of his successor Dr.
Carole Heilman with the editorial guidance of a sequence of staff
members. Dr. GinaRabinovitch, Dr. Phil Baker, Dr. Bruce Gellin,
and Dr. Mike Gerber. The current issue has been assembled and
edited by our first professional writer, Sarah Landry, towhom |
ammost grateful.

Because of the thoughtful, sometimes tedious, work of MIDP
staff, the annual report became increasingly popular and was
distributed well beyond the Advisory Council. Before my
retirement in 1987, Dr. Joseph L. Melnick, then Editor of Progress
in Medical Virology, asked meto describe the Program for the
Accelerated Development of Vaccines asit applied to new viral
vaccines. | did so (Progressin Medical Virology, Vol. 35, pp. 1-20,
Krager, Basel 1988) in thefirst publication about the program
other than the IOM publications (19). The report remainsits own
best proponent.

How isit that | am ableto writethispiece 14 years after | retired
at age 70 shortly after Dr. Anthony Fauci succeeded Dr. Krause
as Director of NIAID? Dr. Fauci found an emeritus spot for meas
avolunteer and housed me along with DMID staff asit more
than doubled in size and moved from one satellite building to
another. | also kept up with science by serving on an IOM
committee created at the request of Dr. Kenneth Bart to review
the program of its Board of Science and Technology for Interna-
tional Development for the study of respiratory infectionsin
developing countries.

Dr. Bart next asked me to make a presentation at asymposium he
was organizing on vaccines that would not become availablein
the next decade. The resulting publication reviewed the stages
of vaccine development and reproduced tables from each of the
two IOM reports that listed vaccines predicted to be available
within a decade (20). These are reproduced as Tables 4 and 5.
After reviewing impedimentsto devel opment, | provided atable
of diseases for which vaccines are not likely to be availablein
the next decade. Thisis reproduced as Table 6. | then served as
a part-time consultant to the newly created National Vaccine
Program Office (NV PO), first under thedirectorship of Dr.
Anthony Robbins and then Dr. Bart. NV PO staff members at this
timeincluded Dr. Roy Widdus, now at WHO in Geneva; Dr.
Richard Walker, now at FDA; and Dr. Feng Ying C. Lin, now with
the National I nstitute of Child Health and Human Development
(NICHD). USAID wasstill accepting proposalsfor vaccine
research and needed an unbiased review process. Dr. Bart
created the Consultative Group for Vaccine Devel opment
(CGVD) with measthe chairman. One of the memberswasDr.
Gerald Keusch who succeeded me as chairman and is now
Director of the Fogarty International Center. Meetings of the
CGVD served asalively forum for discussion of global vaccines
until USAID decided to use its funds for other purposes.

| continue as an observer of vaccine-related activities and will
complete this summary of thefirst 20 years of effortsto acceler-
ate vaccine development before considering the accomplish-
ments of the program. As noted, NIAID periodically seeks
advice and guidance from consultants. Two such groups were
called on beforethe millennium.

OnMarch 26, 1993, Dr. Fauci convened ablue ribbon panel to
assist in assessing long-term goals for vaccine research and to
recommend prioritiesfor the area of anticipated resourcesfor
fiscal year 1993 and fiscal year 1994. The panel categorized six
research objectives, each to be implemented by threeto five
initiatives, all focused primarily on research to accomplish three
priorities:.

1 Develop children’svaccines
2. Improve vaccine safety
3. Develop vaccines for emerging infectious diseases

Oneyear later, Dr. Philip R. Lee, then Assistant Secretary for
Health and Director of the National Vaccine Program, issued the
“U.S. National Vaccine Plan—1994: Disease Prevention Through
Vaccine Development and Immunization” (21). Itincluded a
summary of the report of the blue ribbon panel asAppendix 6,
and alist of licensed vaccines currently distributed in the United
States that contained two new vaccines licensed since the
NIAID program beganin 1981: Hib conjugate and typhoid
vaccineliveora Ty2la

In these same years, IOM and its assembled experts continued
to be of great help to the Federal Government by providing
objective reviews of adverse events associated with pertussis
and rubellavaccines (22), childhood vaccines (23), and anew
analysis of the relationship between diphtheria and tetanus
toxoids and whole-cell pertussis (DTP) vaccine and nervous
system dysfunction (24). A recent report rejected measles
vaccines as a cause of autism (25).

In 1995, NIAID commissioned |OM to conduct afollowup onthe
two reportsissued 10 years earlier. Thisreport (26) wasto
consider only vaccines directed against conditions of domestic
health importance that could be devel oped within 20 years, so it
began by listing the status of domestic candidate vaccines
prioritizedin 1985 (Table4) and predicted to be completed within
10 years. Those licensed included Hib glycoconjugates men-
tioned above, plus hepatitis B recombinant, hepatitisA, vari-
cella, and acellular pertussis. It was noted that a live-attenuated
rotavirus vaccine had been licensed, but sale of this vaccine has
been suspended in the United States. Also noted was the fact
that a cold-adapted, live-attenuated vaccine for influenza viruses
A and B wasin phaselll trials. These trials have now demon-
strated safety and effectiveness in children and adults, and an
application for licensure is pending. Of the candidate vaccines
for international uselisted in Table 5, only typhoid Ty2laand
conjugated pneumococcal polysaccharide have been licensed in
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the United States. One other domestic disease whose infectious
agent was discovered in 1981—Lymediseaseand Borrelia
burgdorferi—can now be added to the licensed vaccinesllist.

Thus, it is now possibleto list in Table 7 the new vaccines
(excluding combinations) that have been licensed since the
Program for the A ccel erated Development of Vaccineswas
initiated by NIAID 20 yearsago.

In total, 12 new vaccines for 10 diseases have been licensed in
the last 20 years. One of them, Japanese B encephalitis, is
produced in Japan; we claim no credit for it. Another, Hib
polysaccharide, has been replaced by the Hib conjugate with
dramatic results. The pneumococcal conjugate, based on the Hib
technology pioneered by Dr. John Robbins of NICHD, isamore
potent immunogen in children and has been effective in prevent-
ing otitismedia. Asfor typhoid, trials that compare the two
vaccines, or acombination of the two, are needed. It must be
acknowledged that Ty21awas produced by the Swiss Serum and
Vaccine Ingtitute and tested by Dr. Myron Levine with the
support of the Department of Defense. The Vi polysaccharide
also was developed at theinitiative of Dr. Robbinsandis
produced by Pasteur Merieux Serum et Vaccine. They have
replaced the much more reactogenic whole-cell typhoid vaccine
that has been in use since it was made compulsory for the Army
and Navy in 1911. And, of course, acellular pertussis antigens
have been successfully combined with diphtheria and tetanus
toxoids to produce aless reactogenic DTP vaccine. Of thetwo
hepatitis vaccines, recombinant B has been successfully
integrated into the childhood schedule while the A vaccine, now
mostly limited to world travel ers, deserves more widespread use.
Use of varicellavaccineisnow routinefor children and isbeing
evaluated for the prevention of herpes zoster (shingles) in older
adults. Finally, Lyme disease vaccines are of note because of the
time—8 years—from discovery of the organism by aNIAID
scientist to licensure. A fear of the disease in endemic areas that
were predominantly well off provided amarket. Interms of
“acceleration” of the 10 vaccines, | believe NIAID isentitled to
claimamagjor roleinthe development of at least four: Pneumo-
coccal, Hib, pertussis, and varicella. It certainly can claim the
soon-to-be-licensed live-attenuated trivalent influenza vaccine
asits own. My personal reflections on the history of some of
these vaccines will bereviewed in relevant chapters of this
report.

InVaccinesfor the 21st Century: A Tool for Decision Making
(26), theIOM committee briefly considered factors hindering
progress toward licensure for vaccineslisted in Table 4 and
noted that the 1985 report was overly optimistic about how long
it would take for licensure. Its present analysisincludes alonger
timeframe and should be avaluable resource for continuing
vaccine development efforts because it includes afull analysis
for each of 26 candidate vaccines. The scope of the most recent
IOM report was extended at NIAID’s request beyond infectious
diseases to include vaccines against chronic conditions such as

cancer and autoimmune diseases. As before, HIV vaccines were
excluded, and thistime the new committee, under Dr. Kathleen
Stratton as Study Director, €lected not to use the computer
program of the prior committee, but devel oped a quantitative
model that used asits primary measure a cost-effectiveness ratio
of quality of lifeyear (QALY) gained. Vaccineswere ranked
within four different categoriesfrom most favorableto less
favorable based on cost of QALY saved. | have elected to
reproduce only the highest category here:

M ost Favorable

Category | SavesMoney and QALY's

e Cytomegalovirusvaccine administered to 12-year-olds

e Influenzavirus vaccine administered to the general popula-
tion (once per person every 5 years or one-fifth of the
population per year)

< Insulin-dependent diabetes mellitus therapeutic vaccine
e Multiple sclerosis therapeutic vaccine
* Rheumatoid arthritistherapeutic vaccine

e Group B streptococcus vaccine to be administered to women
during pregnancy and to high-risk adults

e S. pneumoniae vaccine to be given to infants and to 65-year-
olds

Those interested in vaccine research, development, and
marketing will find it useful to examinethe other three categories
of the |OM report. A candidate vaccine—B. burgdorferi—in
Category |V (lessfavorable) has been marketed aready. An
understanding of the role of NIAID initiatives and support
described in the chapters of the Jordan Report also should be
hel pful.

SUMMARY

What remains to be said about a program that began with great
expectations and little funding? The program did not live up to
Dr. Seal’s expectations, to mine, or to those of consultants
assembled by IOM. “Acceleration” isarelative term when
applied to vaccine devel opment, and expectations were unrealis-
tic. It ishard to develop avaccine, get it licensed, and move it to
the market—consider AIDS, for example. Vaccine devel opment
requires patience and persistence on the part of the investigator
and continuing support from the funding agencies. Asis evident
fromthishistory, it requires close collaboration among NIAID,
FDA, and industry. Vaccineisinternational in scope. Acellular
pertussis vaccines were successfully tested in Italy and Sweden.
Two vaccinesto which NIAID contributed much, acellular
pertussis and varicella, were pioneered by Japanese scientists.
Vaccine devel opment requires communication; neither Dr. Glasso
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nor | knew that acellular pertussis vaccine was being adminis-
tered already to Japanese children when we prepared Table 3.
The United States-Japan Cooperative Medical Sciences Program
did not create panels on acute respiratory infections until
several yearsafter | retired. We could be criticized for waiting 2
years before seeking a contractor to produce such a vaccine for
the United States.

Fortunately, thereis no shortage of talk about vaccines. This, if
not licensure, accelerated in thelast 20 years. During thistime,
two private agencies—the National Foundation for Infectious
Diseases and the Sabin Vaccine I nstitute—emerged as champi-
ons of vaccine research, development, and use. The Interna-
tional Saciety for Vaccines was created, faltered, and was
revived. There are now many national and international confer-
ences and congresses for the review of promising vaccines. At
one such meeting, | heard Dr. Sanley Plotkin deliver the paper
that he kindly agreed to include in this edition of the Jordan
Report. | am most grateful to him and to the other authors for
their thoughtful contributions. While staff members were
assembling this report and soliciting these contributions to
reflect recent advancesin vaccinology and immunol ogy,

Dr. Gordon Ada, along-time friend and contemporary, published
the summary that | did not write (27).

Finally, | am happy to report that vaccinology—aterm | first
heard used by Jonas Salk and one that, | am told, was consid-
ered but rejected for thetitle of the journal Vaccine—is so
flourishing that it requires a 7-pound book (28) to record its
progress. The Bill & Melinda Gates Foundation has contributed
large sumsto target the devel opment of AIDS, malaria, and
tubercul osis vaccines. Because of AIDS, NIH has anew Vaccine
Research Center. The budget has been expanded greatly.

Unfortunately, the infrastructure for vaccine production has not
experienced the increased attention that has been given to
vaccine devel opment. There were 18 vaccine manufacturersin
the United Statesin 1979; there are only 4 major ones today.
Tetanus toxoid, one of the earliest effective vaccines, isin short
supply because it is now made by only one company (Aventis
Pasteur). Once again, influenza vaccine must berationed in the
fall. In recent years, scientists and administrators have not
heeded the lessons of the past; history is now repeating itself
because the adenovirus vaccine that once prevented the
epidemics of acuterespiratory disease peculiar to military
recruitsis no longer manufactured. Vaccines are the most
powerful tools of preventive medicine. Once developed, ways
must be found to assure their production and delivery to all U.S.
citizens at appropriate ages.

In conclusion, | express my gratitude for the privilege of being
taught by and working with outstanding scientists and profes-
sional associates. On behalf of DMID/NIAID and the entire
vaccine community, | express admiration and thanksfor thefine
contributions made by Dr. Roy Widdus, Dr. Kathleen Stratton,

and the staff of IOM, and by the members of the many consult-
ant groups assembled by them in fulfillment of NIAID contracts,
a process that continues.

EnD NoTE

Dr. John R. Seal retired on September 30,
1981, shortly after the proposed initiative
drafted by him had been accepted by
DHHS. He served in the Navy with
distinction asamedical officerin World
Waer Il andjoined NIAID in 1965. His 16
years of serviceto NIAID consisted of
10yearsas Scientific Director and 6
years as Deputy Director. Hedied in
August 1984 and isburied in Arlington
National Cemetery. With the concurrence  Dr. John R. Seal

of Dr. Carole Heilman, Dr. John LaMontagne, and Dr. Anthony
Fauci, thisissue of the Jordan Report is dedicated to the memory
of Dr.John R. Seal.

Tablel: Development Completed
Ready for Expanded Clinical Trials

InfluenzaA and B
Attenuated (Cold-adapted and ts)
Licensed, | nactivated

HepatitisB
Purified HBAQ, Inactivated

Vaicdla
Attenuated

Rocky Mountain spotted fever
Inactivated, whole cell

Haemophilusinfluenzaetypeb
Polysaccharide mixed with whole pertussiscells

Note: Tables 1, 2, and 3 are from 1980 proposal to DHHS

References

1Dingle, J. H., & Fothergill, L. D. (1938). A fatal disease of
pigeons caused by the virus of the eastern variety of equine
encepha omysdlitis. Science, 88, 549-550.

2 Commission on Acute Respiratory Diseases. (1947). Experimen-
tal transmission of minor respiratory illness to human volunteers
by filter-passing agents. 1. Immunity on reinocul ation with
agents from two types of minor respiratory illness and from
primary atypical pneumonia. Journal of Clinical Investigation, 26,
974-982.
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Table2: Further Development Needed

Table3: Early Development

Encouraging ProgressMade Basic Sudies
Hepatitis B Respiratory syncytial virus ~ Haemophilusinfluenzaetypeb
Polypeptide Subunit* Polysaccharide complexed
with protein
Rotavirus Parainfluenzavirus1, 2, 3

Live, wholevirus, type 2
Bovine, wholevirus, live

Cytomegalovirus
Attenuated

Neisseriameningitidis
Group B protein

N. meningitidis
Group B protein
polysaccharide complex

N. meningitidis
Group C variant, polysaccharide

Neisseria gonorrhoeae
Aili
Protein| (POMP)

Vibrio cholerae
Killed
Attenuated

Escherichiacoli
Pili, typel
Colonizing factor CFA 1

Streptococcus pneumoniae
Capsular polysaccharide (licensed)

Streptococcus - Group B
Cell wall, polysaccharide

Subunit* Bordetella pertussis
Subcellular antigens
Adenovirus 5
Subunit* Pseudomonas
Cell wdll extract
HepatitisA Polysaccharide

Live, attenuated*
Streptococcus - group A

HepatitisB M. protein
Subunit* (DNA M. protein purified
recombinant)

Toxoplasma

Rotavirus Inactivated
DNA recombinant Attenuated

Herpessimplex, typesland2 Schistosoma

Subunit* Irradiated cercariae
Schistosomular antigens
Epstein-Barr
Subunit* Maaria
Gametes
Escherichiacoli Asexua stages
Attenuated Sporozoites
ATT.LT-B DNA
recombinant Trypanosoma
Colonizing factor CFA 2 Surface antigen

Vibrio cholerae Leishmania

Crudetoxin Surface antigen
Flagdlar

B-Subunit toxin Flaria

Protease Microfilariasurface

antigen

*Basic research on suitable antigensin progress

3Hilleman, M. R., & Werner, J. H. (1954). Recovery of anew
agent from patients with acute respiratory illness. Proceedings
of the Society for Experimental Biology and Medicine, 85, 183-
188

4 Chanock, R. M., Ludwig, W., Huebner, R. J,, Cate, T. R., & Chu,
L-W. (1966). Immunization by selectiveinfection with type4
adenovirus grown in human diploid tissue culture. |. Safety and
lack of oncogenicity and tests for potency in volunteers. Journal
of theAmerican Medical Association, 195, 345-352.

5 Chanock, R. M., Hayflick, L., & Barile, M. F. (1962). Growthon
artificial medium of an agent associated with atypical pneumonia
and itsidentification asaPPLO. Proceedings of the National
Academy of Sciences, 48, 41-48.

6 Saunders, G M., Bianco,A. A., & Jordan, W. S., Jr. (1946).
Intradermal testswith “ Dirofilarialmmitis’ antigen asadiagnos-
ticaidinfilariasis. U.S. Navy Med. Bull., 46, 1242-1253.

7Prouty, R. L., & Jordan, W. S., Jr. (1956). A family epidemic of
psittacosis with occurrence of afatal case. Archives of Interna
Medicine, 98, 365-371.
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Table4: Vaccinesfor Domestic Use Predicted by the
Ingtituteof Medicineto beAvailableWithin aDecade

Years to Licensure

Type of Yaccine

Bordetella pertussis Acellular 3-3
Coccidioiodes immitis Killed spherule 6-7
Cyiomegalovirus Avtenuated live 3
rDMA glycoprotein T-10
Huemophilus influenzoe type b Conjugated polysacchanide 3
Hepatitis A virus Attenuated live 4
Subanit 5
Hepatitis B virus rNA 1-2
Herpes simplex viruses | and 2 rDMA glycoprotein 5
Attenuated live .
Varicella virus Attenuated live 2
Influenza viruses A and B Purified hemagglutinating amd 4

neutralizing antibodies

Attenuated live fi
Meisseria gonorrhoeas Unspecified 10
Parainfluenza virses Trivalent, subuanii 5
Respiratory syncytial vims DMNA glycoprotein 5
Attenuated live 5
Raotavirus Artenuated live bovine 2-3
Artenuated live human 24
Or reassortant
Streptococcus, group B Conjugated polysaccharide 7

8Jordan, W. S., Jr., Pillemer, L., & Dingle, J. H. (1951). The
mechanism of hemolysisin cold hemoglobinuria. I. Therole of
complement and its components in the Doneth-L andesteiner
reaction. Journa of Clinical Investigation, 30, 11-21.

9Dingle, J. H., Badger, G F, & Jordan, W. S., Jr. (1964). llInessin
the home. Cleveland, OH: Press of Western Reserve University.

10 Ginsberg, H. S., Badger, G F.,, Dingle, J. H., Jordan, W. S., Jr., &
Katz, S. (1955). Etiologic relationship of the RI-67 agent to acute
respiratory disease (ARD). Journal of Clinical Investigation, 34,
820-83L

11 Jordan, W. S., Jr., Badger, G. F,, & Dingle, J. H. (1958). A study
of illnessin agroup of Cleveland families. XV. The acquisition of

adenovirus antibodiesin thefirst five years of life; implications
for the use of adenovirus vaccine. New England Journal of
Medicine, 258, 1041-1044.

12 Jordan, W. S., Jr., Stevens, D., Katz, S., & Dingle, J. H. (1956).
A study of illnessinagroup of Cleveland families. I X. Recogni-
tion of family epidemics of poliomyelitisand pleurodyniaduring
search for respiratory disease viruses. New England Journal of
Medicine, 254, 687-691.

13 Chanock, R. M. (1956). Association of anew type of cyto-
pathic myxoviruswith infantile croup. Journal of Experimental
Medicine, 104, 555-576.
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Table5: Vaccinesfor I nter national Use Predicted by the
I nstitute of M edicineto beAvailableWithin a Decade

Pathogen Vaccine Years io Licensure

Dengue virus Attenuated live vector vins 1

Ercherichia coli Purified antigens 10

(Enierooxigenic) Amenuated, engineered L]

Japanese encephalits virs Cell culture-grown, inactivated -8

Myeobacterium leprae Armadillo-derived 8-10

Neisseria meningitiadis Conjugated polysaccharides for 4-6
groups A, C,Y, and W35

Plasmadinm species F. falciparum synthetic or rDNA 33
sporozoite antigen; P, falcparum, &-10
P vivax, P ovale, P. malariae

Rahies virus Wero cell-grown, inactivated 3
rDMNA glycoprotein 3
Live vector vinus with 3
glycoprotein gene

Salmonella typhi Ty21a mutant 1
Auxotrophic mutant 3-8

Shigella species Plasmid-mediated determinants 1]

Streptococcus A Synthetic M protein -8

Streplococcis prenmoniae Conjugated polvsaccharides 5

Kibria chilerae Cenetically defined live mutant 57
Inactivated antigens 35

Yellow fever virus Cell culture-grown, attenuated -4

14 Jordan, W. S., Jr., Gordan, |., & Dorrance, W. R. (1953). A

study of illnessin agroup of Cleveland families. VII. Transmis-
sion of nonbacterial gastroenteritis; evidence for two different
etiologic agents. Journal of Experimental Medicine, 98, 461-475.

15 Denny, F. W., Wannamaker, L. W., Brink, W. R., Rammelkamp,
C.H., J., & Custer, E. A. (1950). Prevention of rheumatic fever.
Treatment of the preceding streptococcic infection. Journal of
theAmerican Medical Association, 143, 151-153.

16 Gwaltney, J. M., Jr., Handley, J. O., Simon, G, & Jordan, W. S,,
Jr. (1966). Rhinovirusinfectionsin anindustrial population. 1.
The occurrence of illness. New England Journal of Medicine,
275,1261-1268.

17 Ingtitute of Medicine. (1985). New vaccines devel opment:
Establishing priorities, Vol. 1. Diseases of importanceinthe
United States. Washington, DC: National Academy Press.

18 Institute of Medicine. (1985). New vaccines devel opment:
Establishing priorities, Vol. 2. Diseases of importancein develop-
ing countries. Washington, DC: National Academy Press.

19 Jordan, W. S., Jr. (1988). Program for the accel erated devel op-
ment of new viral vaccines. Progressin Medical Virology, 35, 1-20.

20 Jordan, W. S., Jr. (1989). Impedimentsto the devel opment of
additional vaccines: vaccines against important diseases which
will not beavailablein the next decade. Rev. Inf. Dis,, 11(3),
55603-55612.

21 Department of Health and Human Services/Public Health
Service/National Vaccine Program Office. (1994). TheU.S.
National Vaccine Plan—1994: Disease prevention through
vaccine devel opment and immuni zation.
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Table6: Examplesof Diseasesfor Which
VaccinesAreNot Likely ToBeAvailablein the Next Decade

I. Ocularinfections
A. Conjunctivitis
1 Adenoviruses
2. Echovirus70
B. Blindness
1 Chlamydia trachomatis
2. Onchaocerca volvulus
Il. Acute respiratory infections
A. Upper
1 Coronaviruses
2. Coxsackieviruses
3. Rhinoviruses
B. Lower
1 Klebsiella pneumoniae
2. Legionella species
3. Mycoplasma pneumoniae
I11. Gastrointestinal infections
A. Diarrhea, vira
Norwalk agent
B. Diarrhea, bacterial
Salmonella, nontyphoid
C. Diarrhea, parasitic
1 Entamoeba histolytica
2. Giardia lamblia
IV. Liver infections
A. Hepatitis, non-A, non-B
1 Epidemictype
2. Posttransfusion type
B. Schistosomiasis
1 Schistosoma mansoni
2. Schistosoma japonicum

V. Genitourinary tract infections
A. Sexually transmitted
1 Treponema pallidum
2. Chlamydia trachomatis
3. Haemophilus ducreyi
B. Other
Schistosomahaematobium
VI. Nervous system infections
A. Meningitis, viral
1 Coxsackieviruses
2 Echoviruses
B. Encephalitis
1 Arboviruses
2. African trypanosomiasis
a Trypanosoma brucel gambiense
b. Trypanosoma brucel rhodesiense
VII. Cutaneous infections
A. Treponema pertenue
B. Leishmaniasis
1 Leishmania tropica
2. Leishmania major
3. Leishmania braziliensis
4. Leishmania mexicana
VIII. Systemicinfections
A. Leishmaniasis, viscera
1 Leishmania donovani
2 Leishmania infantum
3. Leishmania chagasi
B. Filiariasis
1 Wuchereria bancrofti
2. Brugia malayi
3. Brugia timori
C. Epstein-Barr virus

22 Institute of Medicine. (1991). Adverse effects of pertussis and
rubellavaccines. Washington, DC: National Academy Press.

23 Institute of Medicine. (1994). Adverse events associated with
childhood vaccines: Evidence bearing on causality. Washington,
DC: National Academy Press.

24 Ingtitute of Medicine. (1994). DPT vaccineand chronic
nervous system dysfunction: A new analysis. Washington, DC:
National Academy Press.

25 Institute of Medicine. (2001). Immunization safety review:
M easl es-mumps-rubellavaccine and autism. Washington, DC:
National Academy Press.

26 Ingtitute of Medicine. (2000). Vaccinesfor the 21st century: A
tool for decision making. Washington, DC: National Academy
Press.

27 Ada, G (2001). Vaccinesand vaccination. New England
Journal of Medicine, 345, 1042-1053.

28 Levine, M. W., Woodrow, G. C., Kaper, J. B., & Cobon, G S.
(Eds.). New generation vaccines (2nd ed.). New York: Marcel
Decker.
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Table7: New VaccinesLicensed
intheUnited States Since 1981

Vaccine

Haemophilus influenzae
a. Hib polysaccharide 1985
b. Hib conjugate 1987
Hepatitis B, recombinant 1986
Typhoid
a. Live oral TvZla 195
b. Vi polysaccharide 1994
Japanese B encephalitis 1992
Hepatitis A, inactivated 1995
Varicella, attenuated 1995
Pertussis, acellular 1996
Rotavirus, live, oral * 1998
Lyme disease, recombinant OspA®* 1998
Streptococcus pneumoniae, 2000
7 valent conjugate
* Livense revoked, 2000
*# Mo longer produced
Nate: Hope thar live intranasal influenza can be added
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TheTen Most Important Discoveriesin Vaccinology During the

L ast Two Decades
Sanley A. Plotkin, M.D.

Inscience, it isparticularly difficult to give ratings, as discover-

ACELLULAR PERTUSSISVACCINES

Theideaof extracting protective antigens from pertussis
organisms goes back to the 1960s. Workersin the United States
and in Japan succeeded in isolating purified pertussis toxin and
filamentous hemaggl utininin the early 1980s. However, acellular
vaccinesonly cameinto their ownin the 1990s.

The success of the acellular vaccines has had several beneficial
byproducts. First, substitution of acellular for whole cell
vaccines in most developed countries has eliminated the
constant irritation of avaccine that was highly reactogenic, even
if permanent sequel ae from the vaccine were exceedingly rare.
For example, hypotonic hyporesponsive episodes were frighten-
ing, causing dissatisfaction with the vaccine despite the
absence of sequelae. Second, the results of testing showed that
purified antigens could protect vaccinees as well as suspen-
sions of Bordetella bacteria, or more accurately that one could
reconstitute protection using defined proteins. Vaccines
containing from one to five antigens showed protection
compared to placebo, but these data raised a heated contro-
versy, fueled by commercial interests, asto the vaccines relative
importance. It istrue that only the five-component vaccine,
which contained all the known protective factors, was statisti-
cally proven to match the protection afforded by a good whole
cell vaccine, but nevertheless, all acellular vaccineswere
efficacious. Third, the success of acellular vaccines provided a
platform for pediatric combination vaccines based on purified
pertussis proteins, rather than a mixture of pertussis bacteria.

CoMBINATION VACCINES

The second important recent discovery was how to combine
pediatric vaccines. It may seem strange to name combinations as
arecent discovery, since Ramon combined diphtheriaand
tetanus toxoids in the 1920s, and diphtheria and tetanus toxoids
and whole-cell pertussis (DTP) isitself acombination vaccine.
However, moreinclusive combinations are amajor advancein
vaccinology, removing theimpediment of multipleinjectionsand
making room for newer valencesin the pediatric schedule.

Recently, two companies have licensed vaccines containing
diphtheria, tetanus, pertussis, Haemophilus influenzae type b
(Hib), inactivated poliovirus (IPV), and hepatitis B in Europe.
Despite the problem of interference between acellular pertussis
and Hib vaccines, these combinations are apparently successful.
Another combination, used in Canada, shows no interference
problem. It ishoped that all of these combinationswill be
licensed in the United States.

Combination vaccines havefacilitated the resurrection of IPV.
The predictable occurrence of vaccine-associated paralytic
poliomyelitis (VAPP) cases after oral poliovirus (OPV) vaccine
has become a problem, even in developing countries. VAPP can
be avoided by using IPV. Theinclusion of purified, concentrated
IPV in pediatric combination vaccines reduces the costs of
vaccine purchase and administration to a significant degree.

V ARICELLA VACCINE

Varicellavaccinetook 20 yearsto develop, and finally achieved
wideuseinthemid 1990s. Thelicensure of varicellavaccineis
significant in two respects. First, it offers control of the last
major exanthem of childhood, which although usually self-
limited, contributes significantly to life-threatening streptococcal
sepsis, encephalitis, and pneumonia. Second, it isthe first
vaccine licensed for ahuman herpes group virus, offering
prevention or moderation of primary disease and perhaps
prevention of reactivated infection in the form of zoster, the
virus responsible for shingles.

L1vE INFLUENZA VACCINE

Once again, thisis a vaccine with deep rootsin history. The idea
of using attenuated mutant viruses given intranasally has been
around for sometime and actually was used in the former Soviet
Union and in Japan. However, prior data concerning effective-
ness were of poor quality and unconvincing. More recently, the
strains developed by cold-adaptation and reassortment have
been subjected to more thorough tests, with excellent results.

Trialsin children have shown high efficacy, and trialsin adults
have shown a synergistic effect of live vaccine on immunogenic-
ity of killed virus. The potential of the live vaccine isenormous.
Universal vaccination of infants might control the reservair of
influenzain school children, thus offering protection to young
siblings and elderly grandparents. If they too receive live
vaccine, the grandparents themselves could profit from an
augmentation in the efficacy of killed vaccine, whichis not

19



The Ten Most Important Discoveries In Vaccinology During The Last Two Decades

always high when the epidemic strain differsfrom that in the
vaccine.

If live vaccine can be produced in sufficient quantity, it offers
the best hope of aborting a pandemic caused by a new strain of
influenza. Seed strains containing hemagglutinin genesfrom all
15 types should be prepared and stocked.

RoTtavIRUS VACCINE

It may be surprising to choose what may appear to be avaccine
failure as one of the ten most important recent discoveriesin
vaccinology. Nevertheless, there are two contradictory reasons
for including rotavirus vaccine. First, despite the complication of
intussusception, which caused withdrawal of the rotavirus
vaccine based on the rhesus monkey strain, the fact is that this
oral vaccine was shown to be highly effective against this
serious, dehydrating disease. The protection afforded is on the
same order as that after repeated natural infection, so it can be
anticipated that any replicating rotavirus vaccine will aso be
protective. Thus, the second generation rotavirus vaccines now
inclinical trial based on bovine or human strainsare also likely
to be efficacious. If that istrue, and if they induce no or rare
intussusception, the prospects for licensure in developed and
developing countries are good. Second, the rotavirus vaccine
marks the first occasion since the Cutter incident that a vaccine
has been put on the market and then withdrawn because of an
adverse reaction. This suggests that perhaps there should be an
interval after licensurefor datacollection before arecommenda-
tion ismade for universal use of avaccinein children.

PrRoTEIN-CONJUGATED BACTERIAL
PoLYSCCHARIDES

Theroots of this discovery go back to pre-World War 11, but the
exploitation of theimmunologi ¢ effect of conjugating bacterial
polysaccharides with proteins has happened only recently. The
1980s saw the application of thistechnology to Hib vaccine,
with thefirst conjugate being licensed for infantsin 1990. A
reminder is not needed of the spectacular success of Hib
vaccine, which promises to eradicate the disease and perhaps
also the organism.

It appears that spectacular success will also attend the pneumo-
coccal conjugate vaccine. Invasive disease with bacteremia
caused by serotypesin the vaccine is likely to be prevented
almost completely. L ocalized disease such as meningitis and
pericarditis should also disappear.

Moreover, the vaccinetrial revealed high efficacy against
pneumoniawith consolidation on x-ray, suggesting that
pneumococcal pneumoniais more common in childhood than
suspected. Application of the vaccine to the developing world
could thus have great consequences on mortality, while
application to the devel oped world could reduce the problem of

antibiotic-resistant pneumococci. However, the effect of
vaccination on the epidemiology of pneumococcal serotypes
and the possibility of replacement by nonvaccine serotypes will
have to be watched carefully.

Protein-conjugated meningococcal polysaccharides are still in
early stages, but the results with Group C conjugate in the
United Kingdom already suggest that alarge part of meningo-
coccal meningitis and fulminant disease can be prevented.

GENETIC ENGINEERING

No doubt historians will look back at genetic engineering as one
of the greatest discoveries of the 20th century. For
vaccinologists, this discovery means that if one isolates the
gene coding for a protective protein antigen, that gene can be
inserted into cells of bacterial, yeast, or animal origin, which then
produce the protein in large quantity. The most important result
of this discovery thus far is the recombinant yeast that produces
hepatitis B surface antigen, but the same technique has yielded
antigens for Lyme disease, pertussis, and cholera vaccines
produced in bacteria.

ATTENUATED VECTORS

In the 1980s, researchers determined that certain naturally or
artificially attenuated organisms could carry genetic information
from pathogens, and that during replication in an animal, they
could transcribe, trandlate, and present that information to the
immune system of the host. Thus, the field of vectorology was
born. Soon virtually any organism, bacteria, virus, or parasite
was suggested as a vector. Among the bacteria, the most
popular vectors are Bacillus de Calmette-Guerin (BCG) and
attenuated salmonella, whereas among the viruses, attention has
been focused on poxviruses, adenoviruses, and alphaviruses,
although other agents, such as Herpes simplex, adeno-associ-
ated viruses, and even retroviruses, have their advocates.

The study of vectors has evoked the concept of prime-boost.
This is because athough the vectored antigens have by
themselves seldom given a sufficient B-cell response, the serial
inoculation of vectorsfollowed by proteins or plasmid DNA
vaccines has elicited, respectively, strong B- and T-cell re-
sponses.

Poxviruses and al phavirus repliconswill serve asillustrations.
The poxviruses include vaccinia mutants, such as MVA and
NYVAC, aswell asnaturally attenuated animal poxviruses.
Recombinants are prepared from recombination events occurring
in cellsjointly infected with virus and transfected with the gene
of interest. Canarypox isan example of avirusthat replicates
only abortively in humans. With respect to antibody production,
the ability of poxvirus vectorsto prime for antibody responses
has been demonstrated by canarypox-HIV envel ope recombi-
nants, while the ability of poxvirusesto stimulate strong cellular
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immunity has been demonstrated by canarypox-CMV.
Alphaviruses as vectors depend on the ability to insert foreign
genes in the genome, which are reflected in pseudovirions
produced during abortive replication. The genome of the
alphaviruses contains nonstructural genes necessary for
replication and the structural genes. If the structural genes are
replaced by foreign genes, replication of pseudoparticles can be
induced by helper constructs containing the structural genes
but disabled from making viral RNA. The structural proteinswill
assembl e themsel ves together with the foreign proteins.

TRANSGENIC PLANTSAND PLANT
VIRUSES

The use of orally administered fruits or vegetables containing
vaccine antigens might also be considered an exampl e of
vectoring. However, the idea of delivering vaccinesin the food
chainissufficiently different to giveit aplace of itsown. There
are two approaches to making vaccines in plants. Plants
transgenic for genes coding for vaccine proteins, or chimeric
plant viruses containing the same genes. Clinical trials have
shown responses to a variety of antigens produced in plants,
including Escherichia coli labile toxin, hepatitis B surface
antigens, and rabies glycoprotein.

Developmentsin thisfield continue to be promising and already
have begun to change ideas about the immunology of the
gastrointestinal tract. If it can be discovered how to stimulate
immunity to the antigens of pathogens without breaking
tolerance against food antigens, plant or plant virus recombi-
nants may become effective vaccine strategies.

Thiswill require considerableimmunologic effort, but my great
hope for the new century isthat immunologistswill make more
contributions to vaccinology. We know little about the mecha-
nisms of antigenic dominance, adjuvants, interference, priming,
and many other aspects of immune stimulation that could be
used.

Nakep DNA

Naked DNA isthe slang term for foreign genetic information
inserted into abacterial plasmid that is expressed on injection
into the muscle or skin of the host. Antigen is produced in the
muscle cell, but the antigen must be processed in bone marrow
cellsto achieve an immune response. In animals, superb
responses have been generated after intramuscular and gene
gun injection, but results in humans have thus far been some-
what disappointing when DNA is used alone.

Whether a DNA vaccine will be licensed depends on the
answers to several questions:

1 Will intradermal or transcutaneous administration of DNA
result in good antibody responses in humans?

2. Will an adjuvant be found to reduce the amount of DNA
needed to obtain responses?

3. Will prime-boost combinations of DNA with other forms of
vaccination give a complete immune response, that is, strong
cellular responses and antibodies when needed?

The answers to these questions are likely to come earliest from
studiesof HIV and malariavaccines.

Even if DNA never achievesthe status of avaccine for a
particular infection, it already has had tremendous heuristic
value as atool for identifying protective antigens. As more and
more pathogens are sequenced, their genes can be identified
and tested for protectionin animal models. Thiswill simplify the
selection of protective antigens that might have escaped
attention otherwise. This strategy has aready proven useful for
the devel opment of experimental vaccinesagainst Group B
meningococci and Chlamydia pneumoniae.

THE NEXT 10 YEARS

After looking backward, some predictions about the next
decadeinclude;

1 A new rotavirusvaccinewill belicensed.

2. A meningococcal B vaccine based on mixtures of
outer membrane proteinswill belicensed.

3. Influenzawill be controlled by the use of killed and
live vaccines.

4. AnHIV vaccinewill show partial efficacy, but efforts
to useit will be slowed by social factors.

5. Ora vaccines against enterotoxigenic E. coli and
Shigellawill beavailablefor travelers.

6. Femaleadolescentswill beimmunized against some
types of papillomavirus, cytomegalovirus, and Herpes
simplex type?2.

7. A prophylactic vaccine will be used for those at high
genetic risk of at least one chronic disease.

8 Thevaricellavaccinewill be given to adultsto modify
the severity of herpes zoster.

9. High-risk patientswith chronic diseaseswill be
immunized against some nosocomial pathogens, like
staphylococci and Pseudomonas.

10. Acellular pertussisvaccinewill be recommended for
newborn infants and adolescents.
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Vaccines and the Vaccine Enterprise: Historic and Contemporary
View of a Scientific I nitiative of Complex Dimensions

MauriceR. Hilleman, Ph.D., D.&c.

| NTRODUCTION

The modern erabiol ogics enterprise began about 1950 and was
built upon knowledge, concept, and technology devel oped
during the previous century and a half. Progress during the
entire two centuries of vaccine evolvement camein intermittent
spurts that reflected mainly technologic advances, which
created new feasibilities for vaccines. The present report is
based mainly on the author’s knowledge, experiences, and
viewpoint gained during nearly six decades of engagement in
academia, government, and industry. The focusis on history,
technologic advance, and policy matters. (1-5)

BEGINNINGS

The foundations for prevention of diseases by vaccines were
laid in the concepts and beliefs of ancient peoples (1, 3) who
noted that certain clinically definable diseases were contagious,
and that, for some, afirst experienceimparted immunity against a
second exposure. Such observations must have led to the
ancient Chinese practice of variolationinwhich artificial
inoculation of pustaken from a patient with smallpox led usually
to amodified disease and imparted immunity against subsegquent
natural exposure. This practice wasintroduced into England in
the early 1700s by Lady Mary Wortley Montagu (2).

A folklore developed during the late 1700s that was based on the
observation that mild disease following infection with cowpox of
cattle prevented smallpox of man. Thisled to the practice, by
some, of purposeful human inoculation (vaccination) of cowpox
pus. The practices of variolation and vaccination led to the first
scientific studies of the phenomenon by Edward Jenner in
Englandin 1796 (6). The science of vaccinology was created
based on the proofs of principle that were provided by Jenner
for smallpox. Manufacture and use of smallpox vaccine spread
throughout the world.

NEw APPLICATION OF SCIENCE

The 17th, 18th, and 19th centuries’ science (1) wasextremely
important to vaccine progress since it consisted of a period of
transition in which democratic principles gradually replaced the
theistic and political structures of the time. During the 17th and
18th centuries, Galileo devel oped methodsfor scientific investi-
gation, Hooke discovered cells, and Leeuwenhoek discovered
microbes. A trial and error approach in pursuit of logical con-
ceptswas followed. Belief in spontaneous generation of lifewas
attacked and the germ theory for disease was substituted. The
19th century to 1875 was marked by realism and materialism,

which replaced the idealism and humanitarianism of the past.
Schleiden and Schwann established a cellular basisfor living
organisms, and studies of altered structure and function of
abnormal cells provided the basis for the science of histopathol-

0ogy.

The most important upheaval came with Darwin’stheories of
evolution and the origin of species. Institutionalized beliefs were
replaced by the demand for knowledge that is supported by
evidence.

ENLIGHTENED EmMPIRICISM 1875-1930

Thefinal quarter of the 19th century was atime of breakthrough
discoveriesin science and medicine that created whole new
fields, including microbiol ogy and applied immunology. The
principal architects (1, 3) for the new science were Louis Pasteur,
Robert Koch, Emil von Behring, and Paul Ehrlich. Pasteur put an
end to the recurring theory of spontaneous generation and
conceived of disease as similar to putrefaction and fermentation.
This came asasequel to his discovery of microbial contamina-
tion and the spoilage of wine and beer. Following on Koch's
technologiesfor microbial purification and cultivation, Koch and
Pasteur proceeded to discover anumber of human microbial
pathogens and to prepare vaccines against them. Emil von
Behring was the discoverer of antibodies who proceeded to
develop thefield of passiveimmunotherapy. Ehrlich developed
the means for quantifying antibodies and demonstrated differen-
tial staining of microbes and tissues with aniline dyes. From this
came his concept for specific receptor/ligand binding and his
development of the world’sfirst therapeutic drug, salvarsan
against syphilis.

The great advances made by these four pioneers and those who
followed led to production of vaccines by laboratories around
the world. Vaccines and therapeutics created a need for some-
thing better than local and haphazard standardization and
control. The end of World War | was followed by the formation
of the League of Nations and creation of the Permanent Commis-
sion on Biological Standardization (7), which devel oped systems
and methods to assure safety and potency of biological
preparations.

PREMODERN ERA: TRANSITION, WAR,

AND RECOVERY

The period between 1930 and 1950 (1, 3, 4), which included
World War 11, was atime of transition to the modern era.
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Goodpasture’sdiscovery (8) of microbial propagationin
embryonated hens' eggs provided an important technologic
advance that would lead to new vaccines, including influenza.
Use of the new technology of tissue culture propagation of
virusesledto Theiler's 17D yellow fever vaccine (9), thefirst
viral vaccinefollowing Pasteur’s antirabiesimmunogen.

The entry of the United Statesinto World War 11 in the European
and Pacific theaters created a great need for new vaccines. A
number of pharmaceutical companieswith biologics capability
became the source for vaccines that needed to be devel oped
and manufactured under military procurement on a cost-plus
basis(1, 3, 4). Especially important were the vaccines against
epidemic typhus, Japanese B encephalitis, and viral influenza, as
well asasix-valent polysaccharide vaccine against pneumococ-
cal disease, which was developed and produced in the laborato-
riesof E. R. Squibb and Sons. The influenza and typhus
vaccines were made possible by the breakthrough technology of
propagation in embryonated hens' eggs.

During World War 1, and continuing through the Korean and
Vietnam wars, the principal center for infectious diseases
research for all the military serviceswas at the Walter Reed Army
Ingtitute of Research located in the Walter Reed Army Medical
Center in Washington, DC (1, 3, 4, 10). The Walter Reed labora-
tories focused heavily on basic and applied research on viral
and bacterial diseases. From the program in the Department of
Respiratory Diseases (3, 4) came the discovery of the phenom-
enon and the dynamics of what is now called drift and shiftin
the antigenic specificity of influenzavirus (11), which determines
epidemic and pandemic disease occurrence. Thefirst detection
and identification of the 1957 pandemic influenzaviruswasa
product of that effort (3, 4, 12). Thisearly alert allowed produc-
tion of 40 million doses of vaccine before subsidence of the
pandemic. The adenoviruses (3, 4, 13) were codiscovered at
Waelter Reed and at the U.S. National Institutes of Health (NIH).
A killed vaccine was devel oped at Walter Reed and was proven
highly effectiveinfield studiesat Fort Dix, New Jersey (14). The
efforts of the Department of Microbiology at Walter Reed in
studies with meningococcal bacterial polysaccharidesled to
subunit vaccines that came to dominate the modern era of
bacterial vaccinology (see below). The advancesin vira
vaccinology relied on the new technology for cell culture (see
below), and the meningococcal vaccine was a continuation of
the early work on pneumococcal polysaccharide vaccines
pioneered at Squibb during World War 11.

M obeErRN ERA VACCINES

The year 1950 has been chosen as the beginning of the modern
era(l, 3, 4) of vaccinessinceit marksthetime of the break-
through technology of Enders’ cell culture propagation of
viruses (15) that led to the development of poliovirus and alarge
number of other vaccines. Several of the large pharmaceutical
companies participated in poliovaccine development, made
possible by the efforts of the National Foundation for Infantile
Paralysisto fund and create a vaccine against poliomyelitis (16).

During the 1960s, the NIH funded contract research with several
U.S. pharmaceutical manufacturersto develop new vaccines
under an academically directed mission called the Vaccine
Development Board. For reasons undisclosed, theinitiative
developed nothing of significance and was eventually discon-
tinued.

During early 1957, Dr. Vannevar Bush (1, 3, 4), then President of
the Carnegie Foundation and Chairman of Merck Sharp and
Dohme, conceived the potential importance of viruses to science
and medicine. Hemandated (1, 3, 4, 10) that amajor new virus
laboratory for basic and applied research be established within
the Merck research complex that would be among the world
leaders. Such an essentially freestanding laboratory was built
and it was accorded novelty by the granting of strong central
authority to the director in return for assumption of total
responsibility and accountability. Decisionmaking was rapid and
effective. The venture embraced all the basic sciences and
disciplines plus engineering development, data analysis, and
government liaison. In addition, the responsibility for planning
and implementation of clinical research was vested in the
department and was carried out principally by partnering (1, 3, 4,
10) with the Children’s Hospital of Philadel phiaand the L ouisi-
ana State University International Center for Medical Research
and Training in San Jose, Costa Rica. These research and
development operations, working under the single roof concept
(17), were highly efficient and effective and led to the pioneering
development and licensure of nearly al the new vaccines of the
modern erafollowing poliovaccine. The lessons |earned may be
instructive to future vaccine research endeavors since fragmen-
tation of effort may beinefficient and nonproductive. Important
developmentsincluded the individual measles, mumps, and
rubellavaccines and the combined measles-mumps-rubella
(MMR) vaccine (18), plusthe plasmaderived (19, 20) and
recombinant yeast (20) hepatitis B vaccines and killed hepatitis
A vaccine (20, 21).

The sum and substance of vaccine developments during the
nearly 6 decades of research arelisted in Table 1. These vac-
cines represented pioneering basic research from beginning to
end without concern for later devel opments by others. Nearly all
the vaccines encountered hurdles that required major new
technologic discoveries to make the vaccines possible. Such
hurdles are recorded in detail elsewhere (1, 3, 4), but cogent
examplesarelistedin Table2.

Itisareality that the period from the mid 1980s to the end of the
century was atime of relative quiescence for vaccines (1, 3, 4),
marked only by completion of licensure of varicella, conjugated
Haemophilus influenzae, and hepatitis A vaccines, which had
been pioneered before 1985, but entered into the final stages of
development later in the century. Vaccines against Lyme disease
and against rotaviruses are licensed new products of recent
date, but neither has achieved widespread use at present. The
current inventory of vaccines licensed in the United Statesis
against about 25 disease entities shown in Table 3.
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THE 21st CENTURY — TRANSITION TO
AN UNCERTAIN FUTURE

Science, and with it vaccinology, faces awave of transition (1)
rooted in the late 20th century and is now in need of successes
that will assure its favored status at atime of change in national
policiesand worldwideimperatives. (1)

PusLic PoLicy

Gibbons, in hisrecent treatise (22), brings areminder and anew
vision to the contract between science and society in which
society itself (the people) makes choices, empowers, and holds
accountable in its relationships to government, higher educa-
tion, and industry. It can impose sanctionsif its expectations are
not met. The previous contract, which demanded only the
creation and imparting of useful knowledge, now has new
expectations that include transparency and public participation.
Theinstrumentsfor control lie with congressional legislation,
Federal appropriations, and policy affairs.

The great success of the Office of Scientific Research and
Development under the direction of Dr. Bush during World War
Il (1, 23) clearly established the merit of Government support of
civilian research to provide technologies and solutions to
military problems. After thewar and working under amandate
from President Roosevelt, Dr. Bush wrote his 1945 treatise:
“Science: The Endless Frontier” (24). The plan becamepublic
policy inthe late 1940sfor continuing public support for basic
research discovery, primarily in academia. A basic tenet of Dr.
Bush's plan (1, 24) held that science carried out in universities
should have a sharp demarcation between what is academic
research and what is needed by industry to begin research and
development to create useful products.

Theeraof Dr. Bush'spolicy cameto anend inthemid 1990s at a
time of public dissatisfaction with science, and when budgets
for science were deeply slashed, with consideration given to
ending public support for science (1, 25, 26). This changed
quickly, however, with the appearance of a more robust
economy. The Ehlersreport to Congress (27) in 1998 represented
the start of a defined new public policy that has not yet been
formalized. The Ehlersreport, in contrast to Dr. Bush’'spalicy,
called for anew model in which there would be continuum
between basic academic research and industrial development,
bringing commercial possibilitiesto the point of feasibility,
whichwould justify commercial commitment of risk capital in
pursuit of useful products. In Gibbons' view (22), Government is
to be held responsible for filling the gap of required knowledge
between basic research and initiation of commercial research and
development.

Infulfilling itsmission to advise Government, the U.S. National
Academy of Sciences has been commissioned to conduct
investigations and to provide guidelines for the governmental
agencies and for legislative considerations by Congress. Among

its reports were proposal s to bring about improved mechanisms
for review and awarding of grantsfor scientific research (28, 29),
for improving science education (30) at the precollegelevel (K-
12), and for public education. The Committee on Science,
Engineering, and Public Policy (31) was established whereby the
academy issues an annual assessment for accountability and an
evaluation of the federally supported programsin research and
technology. (1, 4)

CHANGING WORLD INITIATIVES

The World Health Organi zation (WHO), an agency of the United
Nations, came into being about 1950 and undertook a mission to
bring protection against infectious diseases to the underdevel-
oped nations of the world. Early activity was centered on
procurement and distribution of low-cost vaccines through its
United Nations International Children’s Emergency Fund
(UNICEF) operation. Inthemid 1970s, the Expanded Program for
Immunization (EPI) (1, 32) wascreated by the WHO to bring six
needed vaccinesto al of theworld’schildren. In 1990, UNICEF
assembled a small group of knowledgeable scientists to create a
blueprint for devel oping simplified vaccines of low cost and
ease of administration for the poor and underdevel oped nations.
A report wasissued under thetitle of the Declaration of New
York (32). The vaccines would provide broad coverage with
fewest doseswhile providing long-term immunity. The declara-
tion was adopted by the International World Summit for
Vaccines and by the World Health Assembly in the same year.
Following this, the EPI was discontinued and was replaced by
the Children’sVaccinelnitiative (CVI) under several United
Nations' agencies and the Rockefeller Foundation, which were
proactive in vaccine development and in vaccination (32).
Following adecade of useful programs, the CVI was dissolved
and replaced by the Global Alliancefor Vaccinesand Immuniza-
tion (GAVI) (33) under the WHO, the World Bank, and UNICEF
to provide vaccines, financial resources, country coordination,
and research and devel opment activities.

What seemed severe restriction through lack of funding was
greatly relieved by donations from the Bill and Melinda Gates
Foundation and other private organizations and by contribu-
tionsfrom governments (33). One GAV | initiative providesfor
payment for vaccines by poor nations at prices based on their
gross national product per individual. Present principal focusis
on vaccines against three diseases: Tuberculosis, malaria, and
AIDS (seereference 1).

Future OF VACCINOLOGY

Theyear 2001 findsthe NIH well funded and with further
intended increasesin annual appropriationsuntil 2003. The NIH
provides enthusiastic support for development of new vaccines
not only against infectious diseases, but also those for treating
cancer, autoimmune diseases, and the amyloidoses, including
Alzheimer’s disease and the infectious prion diseases (e.g.,
Creutzfel dt-Jakob), which arise from misfolding of proteinsinthe
body (34) to render them insoluble.
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TRANSITION TO SIMPLIFICATION

At the close of the last century, the vaccine research establish-
ment found itself with an amazing array of technologiesfor
preparing vaccine antigens and of facilitators that would
enhance the immune system in providing protection against
disease. These technologies included recombinant expression
systems; recombinant vectors, including plasmid DNA; and
delivery systemsthat elicit humoral and cellular immune
responses. The new sciences of genomics, proteomics, and
informational technologies, together with rapid throughput
assays for identifying appropriate antigens, will likely bea
bonanzafor new vaccine development (1, 34).

Though wholelive and killed organisms and complex protein
and polysaccharide vaccines continue to be pursued, subunit
vaccines now receive much attention (34). Thelimitations
imposed by the shortened length of genetic insertion into
vectors and expression systems decrease the complexity of
antigens (the number of epitopes) that can be included.

It has been along-term objective of reductionists (34) to forget
whole organisms and full-length proteinswhile in pursuit of
simple peptide vaccines that consist of little more than a
restricted assemblage of epitopes, even without need for added
adjuvants and immune modulators. This objective, while
attractive, may be very difficult to accomplish since such a
vaccine would need to identify and incorporate appropriate B-
cell, cytotoxic T-cell, and T-hel per determinants. B-cell determi-
nants are usually conformational and need to be displayed in
native folded pattern. Cytotoxic T cellsand T-helper 1 and 2
cellsrecognizelinear arrays of amino acids of specific sequence.
They require, in addition, that the available fragmented epitopes
be of sufficient diversity in charge distribution pattern to be
able to find adequate anchorage points in the grooves of
different major histocompatibility complex (MHC) molecules,
which are of polymorphic (allelic) diversity inthe human
population. Added to this is the need to assure adequate
memory cell responses. Delivery of epitopesthat are expressed
endogenously by recombinant vectors may have a greater
chance to find suitable compatibility for MHC presentation than
if given exogenously.

It may be noted that the acid test for a successful vaccineis
licensure and use. To date, only two recombinant expressed
subunit vaccines exist, hepatitis B and Lyme disease, even
though the technology was proven 15 years ago. No recombi-
nant vector vaccine has been licensed to date.

When pursuing vaccines in the 21st century, researchers may
need to exercise selective choices amid the huge redundancy of
technologies (35). It may be said finally that the mandate of the
Declaration of New York (32) will serveasauseful guidelinefor
the vaccines of developed as well as underdeveloped nations,
especially with respect to possible future vaccine delivery by
oral, transcutaneous, or mucosal application.

Table1: MoreThan Five Decadesof Vaccineand Globulin
Development and Datesof Licensure

Viral Vaccines

Killed
Japanese B encephalitis* 1945
PandemicAz2 influenza** 1957
Adenovirus** 1958
Purified poliovirus 1960
Purified influenza 1969, 70
Adjuvanted influenza 1973
HepatitisB

Plasmaderived 1981

Recombinant expression 1986
HepatitisA 1996
Live
Measles

Edmonston B, pluslgG 1963

More attenuated 1968
Mumps 1967
Rubella 1969
Combined vaccines

M easl es—smallpox 1967,70

Mumps—rubella 1970

Measles—rubella 1971

Measles — mumps 1973

Measles-mumps-rubella

(MMR) 1971
Varicdla 1995
Marek's disease*** 1971, 75
Bacterial Vaccines

Bacterial Subunit
Meningococcus A 1974
Meningococcus C 1975
Combined Meningococcus

AC 1975

A,C,Y,W-135 1982
Pneumococcus

14 types 1977

23 types 1983
Haemophilus influenzae

Conjugate 1939
Immuneglobulins

HepatitisB 1978

HepatitisA 1979
*Squibb ** Walter Reed *** Virus cancer of chickens
Remaining areMerck
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Table2: Examplesof Technologic BreakthroughsEssential to
Development of Modern EraVaccines

e Ceéll culture technology and poliovaccine precedents

« Elimination of avian leukemiavirusfrom chicken flocks
and from measles virus vaccine

e Initial attenuation of measles vaccine virulence through
coadministration of measlesimmuneglobulin

» Further attenuation of measles virusto eliminate need for
immuneglobulin

e Discovery of propagability and attenuation of rubella
virusin duck cell culture

e Achievement of potency and safety of combined live
virus vaccines

» Development of safe and effective combined live vaccines

» Discovery of hepatitisA virus and its propagability in cell
culture

e Evaluation of principlesfor asafe and effective
hepatitis B vaccine derived from human carrier plasma;
|ater evolution of recombinant expressed vaccine

e Discovery and development of meansfor removal of
oncogenic monkey polyomavirusfrom vaccines

Table 3: VaccinesAgainst Bacterial and Viral DiseaseAgents
Licensed intheUnited States (Abbreviated GenericList)

Bacterial

Diphtheria

Tetanus

Pertussis (acellular)

BotulinumtoxinA

Lymedisease (OspA)

Plague

Pneumococcus (and conjugate)*
Meningococcus (and conjugate)*
Haemophilus influenzae (and conjugate)
Tuberculosis[Bacillusde Calmette-Guerin (BCG)]
Typhoidfever (live)

Typhoid fever Vi

Cholera

Anthrax

Viral
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| NTRODUCTION

Despite the successful development of many vaccines, it has
not been feasible in many cases to simply use the same ap-
proaches to make new vaccines. This has been due to various
factors, biological and social. Three main reasons drive the
development of new vaccine technologies:

1 New technologies are needed to generate stronger and
broader immunity not effectively induced by earlier types of
vaccines.

2 Asregulatory and safety standards have increased, the
requirements for safety and manufacturing processes have
increased, thereby rendering certain older vaccines (such as
whole-cell pertussis or Japanese encephalitis vaccine made in
mouse brain) less acceptable.

3. To make vaccination more acceptable from the patient’s
perspective and more feasible globally, new technologies are
needed to reduce the use of needles or to facilitate delivery of
vaccinesto places lacking skilled professionals and proper
equipment.

Asan example of the need to generate broader immunity,
consider theinfluenzavaccine. The current influenzavaccine
must be remade each year because changesin circulating strains
render the antibody-inducing inactivated viral vaccine poten-
tially ineffective against the new strains. Mismatches of the
circulating strains with the anticipated ones used for the
vaccine, or the emergence of unexpected new strains midseason
result in disease even in vaccinated individuals. In contrast to
the highly changeabl e exterior hemagglutinin and neuraminidase
proteins against which the antibody response of the inactivated
vaccinearedirected, theinternal nucleoprotein and matrix
protein are much more highly conserved among strains and even
between viral subtypes. If avaccine could be made that gener-
ated a response against conserved parts of the virus [such as a
cytotoxic T lymphocyte (CTL) response], one could potentially
have avaccine that would protect against multiple strains within
or between subtypes.

Human immunodeficiency virus (HIV) provides another example
of the rationale for new technologies. Attenuated or inactivated
versions of HIV are considered by many astoo risky to use as a
vaccine. Unlike other viruses for which vaccines have been
effectively made using weakened or inactivated versions, HIV
integrates into the infected person’s genome leading to perma-
nent infection, and is, as yet, incurable and eventually fatal.

Thus, if avaccine strain, even though weakened, were to cause
diseasein animmunocompromised individual or wereto revert
to virulence, or if an inactivated vaccine were to contain traces
of livevirus, the vaccine could cause infection and disease.
Whilethisrarely happensfor certain of the existing vaccines,
such as polio, the resulting disease is not chronic, nor so
frequently fatal. Even for diseasesthat are not aslethal asHIV,
rare but adverse outcomes have become less accepted. So, for
example, after clinical occurrences of intestinal intussusception
were observed following immunization with thethen newly
licensed rotavirus vaccine (with an excess risk of about
1:10,000), thevaccinewaswithdrawnin 1999.

Ironically, the research and development of new means of
vaccine delivery has been necessitated by the success of
vaccines. Currently, infantsreceive multiple immunizationsfor an
increasing number of diseases: Measles, mumps, rubella,
diphtheria, tetanus, pertussis, polio, hepatitis B, hemophilus
influenzae B, varicella, pneumococcus, and often hepatitisA.
Thisincreasing number of injections has fueled the drive to
develop combination vaccines and alternative delivery systems
designed to reduce the number of injections and to maintain or
increase the potency of responses against each component.

V AcCINE ADJUVANTSAND DELIVERY
SYSTEMS

One approach to improve the performance of vaccinesinvolves
the use of adiverse range of vaccine delivery systems. Gener-
ally, the terms adjuvants and delivery systems have been used
interchangeably in relation to vaccines, although in certain
situations aclear distinction can be made. Immunological
adjuvants were originally described as substances used in
combination with a specific antigen that produced a more robust
immune response than the antigen alone. This broad definition
encompasses avery wide range of materials, including anumber
of particulate delivery systems (e.g., emulsions, liposomes,
iscoms, and microparticles), whose principal mode of actionisto
deliver antigensinto the key cells and/or sites that are respon-
sible for the induction of immune responses. In contrast, certain
entities act directly on cells of theimmune system to increase or
modul ate immune responses against coadministered antigens.

Adjuvants

Adjuvants are potent and, in many cases, necessary compo-
nents of effective vaccines. Conventional and experimental
adjuvantsarereviewed in detail by Vogel and Edelman. The
power of experimental adjuvants, suchasMPL, quil A, and
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iscoms, iswell documented in animal models, yet none are
approved for human use. Thisisdue, in part, to potentia side
effects, but also to a poor understanding of their mechanism of
action and to the only recent insights into signaling of the
innate immune system. It has long been known that exposure to
pathogens (or stress) resultsin arapid production (in minutes)
of proinflammatory cytokines (e.g., tumor necrosisfactor-a),
thereby providing afirst line of defense prior to the onset of the
adaptive immune response. This is manifest through the action
of antiviral and antibacterial cytokines, recruitment and activa-
tion of macrophagesto kill intracellular pathogens, and facilita-
tion of antigen presentation resulting in the initiation of antigen-
specific immune responses. Recently, much has been learned
about the specific receptors involved in the recognition of
pathogen-associated molecular patterns (PAMPs) and the
ensuing signal transduction cascade, leading to the
upregulation of cytokine expression. Indeed, it has been shown
that specific PAMPs signal through specific Toll-like receptors
(TLRs) present on the surface of immune cells (see Table 1).
Moreover, recent data have implicated this pathway in directing
the activation of the type of adaptiveimmuneresponse|[i.e., T
helper (Th) 1 versus Th2 type of helper T cell response]. One
such PAMP, immunostimulatory CpG-containing DNA derived
frominvertebrates, has generated much excitement. CpG signals
through TLR9, induces a potent immunostimulatory response on
cellsin vitro, and has strong adjuvant effects on protein-based
vaccinesin animal models. Preliminary datafrom human clinical
trials show promise.

These data provide evidence for adirect link between the innate
and adaptive immune responses, and that the use of adjuvants
can facilitate and potentiate thislink. Furthermore, the growing
understanding of the innate immune system now provides the
basis for rational and high-throughput adjuvant discovery. On
the one hand, based on knowledge of the specific ligands
(PAMPs) and receptors (TLRs) involved inimmune signal
transduction, it may be possible to rationally design adjuvant-
active compounds. On the other hand, the existence of cell-
based assays and reasonable in vitro correlates of in vivo
adjuvant activity (i.e., cytokine production) offers the possibility
of screening large numbers of compounds without regard to
their structure. These complementary approaches should yield
novel and potent compounds that increase the effectiveness of
vaccines. Although immunological adjuvants have persistently
defied easy classifications, they are often readily identifiable as
components of bacteriaand viruses, which are recognized as
danger signals by receptors on innate immune cells. Neverthe-
less, delivery systems are often used to direct the adjuvants to
key cellsto enhancetheir potency. Hence, for an optimal
adjuvant effect, it isbecoming increasingly common to use
delivery systems to deliver antigen and adjuvantsinto the same
immunocompetent cells.

Following the discovery of some very potent adjuvants in recent
years, there has been concern that these agents might activate

immunity to such an extent that autoimmune conditions might be
triggered. Thisisareasonable concern for adjuvants that mimic
components of pathogenic micro-organisms and provide potent
proinflammatory signals. However, thetiming and localization of
the proinflammatory stimuli may proveto beimportant. Inthis
context, limiting the systemic distribution of adjuvantsand
focusing their effects specifically onthe key immunecellsis
likely to be beneficial. Hence, an important contribution of
particulate delivery systems may beto limit thetoxicity of new-
generation adjuvants by limiting their distribution in vivo.
Additional practical issuesthat are important for the develop-
ment of adjuvants and delivery systems include biodegradabil-
ity, stability, ease of manufacture, cost, and applicability to a
widerange of vaccines. |dedlly, for ease of administration and
enhanced patient compliance, the adjuvant should allow the
vaccineto be administered by amucosal route, preferably orally.

Delivery Systems

Although the precise mechanisms of action of most adjuvants
still remain only partially understood, if the geographical
concept of immune reactivity is accepted, in which antigens that
do not reach the local lymph nodes do not induce responses, it
becomes easier to propose mechanistic interpretations of the
important effects of adjuvants, which work primarily asdelivery
systems. Delivery systems may function to improve antigen
accessto lymph nodesin anumber of ways: Increase cellular
infiltration into the injection site so that more cells are present to
take up antigen, directly promote the uptake of antigen into
antigen presenting cells (APCs) through activating phagocyto-
sis, or directly deliver antigen to the local lymph node by exiting
from the injection site and moving into the lymphatics. The most
important APCs involved in antigen capture are thought to be
dendritic cells (DCs), which have the unique ability to present
antigentonaive T cellsin lymph nodes. Immunization with a
number of delivery systems, including emulsions, microparticles,
liposomes, and iscoms, has been shown to result in recruitment
of significant numbers of APCsinto theinjection site, which are
then able to take up the delivery system, along with associated
antigens and adjuvants, prior to trafficking to thelocal lymph
nodes. Particul ate adjuvants (e.g., emulsions, microparticles,
iscoms, liposomes, virosomes, and virus-like particles) have
comparable dimensions to the pathogens that the immune
system evolved to combat. Therefore, these particul ates are
normally taken up efficiently by phagocytic cells of theinnate
immune system and function mainly to deliver associated
antigen into these cells. Adjuvants may aso beincluded in
particulate delivery systems to further enhance the level of
response or to focus the response through a desired pathway
(e.g., Thlor Th2).

In 1997, asqualeneoil in water microemulsion (MF59) was
introduced into the market in Italy as an adjuvant for influenza
vaccine (FluadO). MF59 has been shown to be safe and well
tolerated in anumber of clinical trialsinvolving awiderange of
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experimental vaccines. Liposomal vaccines, based on phospho-
lipidsand viral membrane proteinsfrominfluenzavirus
(virosomes), also have been on the market in Europe for several
years and have shown improved potency over traditional
influenza vaccines. | scoms, which comprise the saponin
adjuvant Quil A, incorporated into lipid particles of cholesteral,
phospholipids, and viral membrane antigens have been evalu-
ated extensively in preclinical and clinical studies. Although
iscoms are considered the optimal approach for the induction of
CTL responses using protein antigensin preclinical models,
their potency and tolerability remains to be further established in
human subjects. In recent years, microparticles constructed from
biodegradabl e polymers have shown considerable promise as
antigen delivery systems, particularly for DNA vaccines.
Microparticles also offer unique opportunities for the devel op-
ment of single-dose vaccines due to the controlled release of
entrapped antigens. However, progress has been slow in this
area, largely due to the problems of instability of entrapped
antigens and due to inefficiencies of microencapsulation for
many antigens.

Antigen Delivery Systemsfor Mucosal
| mmunization

Although most vaccines have been traditionally administered by
intramuscul ar or subcutaneousimmunization, mucosal adminis-
tration of vaccines offers anumber of important advantages,
including easier administration, reduced adverse effects, and the
potential for frequent boosting. In addition, local immunization
induces mucosal immunity at the sites where many pathogens
initially establishinfection of hosts. Oral immunization would be
particularly advantageous in isolated communities where access
to healthcare professionalsis difficult. Moreover, mucosal
immuni zation would avoid the potential problem of infection due
to the reuse of needles. Several orally administered vaccines,
which are based on live-attenuated organisms, including polio,
\ibrio cholerae, and Salmonella typhi, are commercially
available. In addition, awide range of approachesis currently
being evaluated for mucosal delivery of vaccines, including
many approaches involving nonliving adjuvants and delivery
systems.

The most attractive route for mucosal immunizationisoral dueto
the ease and acceptability of administration through this route.
However, due to the presence of low acidity in the stomach, an
extensive range of digestive enzymesin theintestineg, and a
protective coating of mucus that limits access to the mucosal
epithelium, oral immunization hasproven extremely difficult with
nonliving antigens. However, novel delivery systems and
adjuvants may be used to significantly enhance responses
following oral immunization.

Encapsulation of antigens into particulate delivery systems,
including liposomes, microparticles, and iscoms, has been
extensively evaluated for mucosal delivery of vaccines. How-

ever, all of these approaches share some serious limitations.
Uptake of the delivery system into the mucosal-associated
lymphoid tissueis often very inefficient, resulting in most of the
formulation not reaching itsintended site of action. This
problem is most apparent following oral delivery, necessitating
high dosesfor oral immunization, but isalso aproblem following
intranasal immunization. In addition, many of the particulate
delivery systems used do not have sufficient stability to
withstand the challenging environment in the gut, including low
pH, gastric enzymes, bile salts, etc. Neverthel ess, polymeric
microparticles can be specifically designed to survive the low
pH of the stomach and to rel ease the entrapped antigen within
thevicinity of thelocal lymphoid tissue. Hence, so-called
enteric-coated formul ations have some attributes of a desirable
formulation for oral delivery. The use of enteric-coated formula
tions can a so overcome the problem of limited uptake of
particulates into lymphoid tissue since these formulations are
not designed for uptake, rather the antigen is released locally for
direct uptake. However, most protein and DNA-based vaccines
are unlikely to be sufficiently immunogenic to induce potent
immune responses even in this situation, and additional
formulation components may prove necessary to protect the
antigens against enzymatic degradation or to promote uptake.
More potent responses may be expected if the antigen can bind
directly to the epithelium and carry its own inbuilt adjuvant
potential (e.g., secreted bacterial toxins, particularly mutated
enterotoxins). Overall, the significant challenges to the develop-
ment of effective oral vaccines using nonreplicating delivery
systems should not be underestimated, and success in smaller
animal models using high doses of antigen should not be
overinterpreted. As an alternative approach, intranasal immuni-
zation offers many advantages, since this route does not expose
antigens to the range of secreted enzymes and low pH of the gut
and offers easy self-administration with avariety of commer-
cialy available devices. Moreover, on many occasions, potent
immune responses have been induced in anumber of different
speciesfollowing intranasal immunization with particul ate
delivery systems using doses significantly lower than those
used for oral immunization.

Vaccine Delivery Devices

In its broadest sense, the concept of vaccine delivery systems
can be expanded to include a diverse range of devices and
physical delivery systems that are designed to improve the
potency of vaccinesor to allow immunization using novel,
noninvasive routes. Approaches that have been evaluated in the
clinic with encouraging data include the gene-gun approach,
which propels gold beads coated with DNA into the epidermis;
devices designed to fire powdered vaccines into the skin
through the use of helium gas; and vaccine patches, which are
topically applied to the skin to induce immunization. Of these
approaches, topical immunization is the one that engenders the
most excitement since it offers the opportunity to avoid needles
while using technology that is already well established for drug
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delivery. Nevertheless, this approach faces very significant
challengesfor routine acceptance, particularly asaprimary
immuni zation regimen. When this approach wasfirst described,
there was a great deal of skepticism about whether or not the
datawould prove reproducible, largely because the observa
tions were so surprising and contrary to what had been
observed previously. However, as this approach has advanced
intoinitial clinical trials, it hasbecome more broadly accepted
by the vaccine community. The challenges facing this approach
should not be underestimated since, so far, relatively low
immune responses have been induced with high doses of
potent immunogens. Nevertheless, the technology is still inits
early stages of development, and improvementsarelikely to
result in significant increases in potency, perhaps resulting in
the ability of this approach to be used as an effective booster
vaccineinwell-primed individuals.

Gene-Based Vaccines

As the understanding of the cellular and molecular processes
involved in the generation of different arms of theimmune
system increased during the last two decades, new approaches
to selectively generate immunity have been attempted. The
ability to make recombinant proteins expanded the meansto
target asingle antigen for avaccine beyond the simple purifica-
tion of particular proteins or polysaccharides from the pathogen
itself. One area of significant effort has been the development of
vaccines designed to specifically generate CTL, aswell as
specific types of helper T cell responses.

CTLshave long been considered to be important in the host’s
immune response against infections by viruses, intracellular
bacteria, and parasites, aswell as against cancer. Within the last
20 yearsor so, it became clear that an antigen generally is
needed to be present in the cytoplasm of an APC in order for
epitopes derived from it to be able to associate with major
histocompatibility complex (MHC) class| moleculestothen
elicit aCTL response. Conversely, if aprotein isexogenousto a
cell, it usually is not taken up into this MHC class | processing
pathway, and hence does not generally result in the induction
of CTL, but rather resultsin the production of Th cells. This
knowledge has helped guide efforts to design vaccines that will
generate CTL. For example, efforts have been madeto introduce
peptides derived from antigens directly onto the MHC class |
molecules or to deliver the genes encoding the antigens into the
cellsin order for the cells to then produce the proteins endog-
enoudly in the cytoplasm. Many different delivery systems are
thus under development that deliver the genes encoding
various antigens, rather than simply delivering the protein
antigens themselves.

Infection by liveviruseswill result in their proteins being made
intracellularly asthey replicate, often leading to induction of
CTL. However, because of concerns about the safety of certain
liveviruses even if attenuated (vide supra, HIV), efforts have

been made to use nonpathogenic organisms to deliver genes
encoding heterologous antigens (i.e., encoding protein antigens
fromadifferent organism). For example, modified vacciniaor
adenoviruses have been altered to carry the genes for various
pathogens such as HIV, generally coding for one or afew
antigens. Anintact replicative HIV could not be made, but
simply specific antigens to induce a response that would be
potentially protective. Bacteria also have been modified to either
encode aheterologous gene[e.g., Bacillus de Cal mette-Guerin
(BCQG)] or to deliver aplasmid encoding a protein antigen. For
the latter, attenuated versions of mucosal pathogens such as
Shigellaor Salmonellaoffer the possibility of orally delivered
vaccines. Such vector systems have the potential limitation of
inducing an immune response against themselves, possibly
limiting their repeat use for either boosters or other vaccines.
Similarly, previous exposure, such asto adenovirus, may mean
that many people already have an immune response that may
limit the effectiveness of the vaccine.

Thus, another approach has been the use of DNA vaccines,
simple plasmids of DNA encoding the desired antigen. The
plasmids have the advantages of being simpler to manipulate
and manufacture than viral or bacterial vectors and of not having
the potential risk of causing disease by reversion or otherwise.
In addition, DNA vaccines do not have the same limitation of
antivector immunity as do heterologous vector systems.
However, DNA vaccines do have the ability to induce the innate
immune response that is separate from the encoded protein. The
DNA vaccines consist of bacteria (plasmid) DNA and contain
sequences that are recognized by mammalian immune systems as
being foreign (CpG matifs), which resultsin the activation of
innate immunity. Thus, thisis a property that isintrinsic to the
gene sequences that make up the DNA vaccine quite separate
from the antigen encoded by the vaccine. To date, early clinical
trials of DNA vaccines have shown limited potency; hence, a
number of second generation DNA vaccines arein devel opment
using various delivery systems and devices. In addition, a new
approach to immunization, called mixed modality vaccination or
prime-boost, is being evaluated. It involvesaninitial vaccination
that uses one type of vaccine, then boosting is done with a
different type of vaccine. For example, promising preclinical
results have been obtained by immunizing first with DNA then
boosting with a vaccinia or adenovirus vector encoding the
same antigen, or with arecombinant protein version of the same
antigen that the DNA vaccine encoded.

SUMMARY

During the past 20 years, the technol ogies applied to vaccine
development have radically changed from using the pathogen
itself to harnessing the devel opments of a variety of scientific
disciplines to use new forms of antigens (such as the gene
encoding an antigen), new adjuvants besides alum, and new
delivery systems. As aresult, numerous vaccines are in devel op-
ment with the goal of inducing new types of or specific forms of
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immunity, using new routes of delivery, providing increased
safety if necessary, increasing stability, and lowering cost. While
much remains to be accomplished before some of these tech-

nol ogies become realities, the pace of new vaccine development
over the past 20 years has been remarkable.
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Tablel: Receptor-M ediated Signaling
of thelnnatel mmune System

Pathogen-Associated Molecular Pattern (PAMP)
Toll-Like Receptor (TLR)

Lipopeptides, proteoglycan, yeast cell wall TLR2
dsRNA TLR3
Lipopolysaccharide (LPS), heat shock protein

(HSP), respiratory syncytial virus(RSV) TLR4
Bacterial flagdllin TLR5
Zymosan TLR6
Imiquimod TLR7
CpG TLR9

Certain ligands from pathogens (PAMPs) are thought to
stimulate the innate immune system through receptor-
mediated signal transduction leading to the upregulation
of cytokine production.
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Progressin Immunologic Adjuvant Development: 1982-2002

Frederick R. Vogel, Ph.D., and Carl R. Alving, Ph.D.

Immunologic adjuvants are any agents that act to enhance,
accelerate, modify, or prolong specific immune responsesto
vaccine antigens. Gel-type adjuvants, first described in the
1920s(1), commonly are prepared from aluminum salts (alum)
and remain the only adjuvantsin U.S.-licensed vaccine formula-
tions. Adjuvants designed to augment or replace aluminum salts
have been undergoing significant preclinical development and
clinical evaluation in the past two decades. Many of these new
adjuvants have been shown to be more effective than gel-type
adjuvantsin enhancing antibody and cell-mediated immune
responses. These adjuvants can be used to improve the
performance of new and existing vaccines by enhancing the
immunogenicity of weaker immunogens, such ashighly purified
or recombinant antigens, or by reducing the amount of antigen
or the frequency of booster immunizations needed to provide
protective immunity. Some types of hovel adjuvants also permit
mucosal administration of vaccines by the oral and nasal routes
and even transcutaneous delivery.

CLASSIFICATION OF ADJUVANTS

During the past 20 years, numerous natural and synthetic
compounds have been evaluated and tested as immunologic
adjuvants. Adjuvants have been classified using a variety of
classification schemes. Table 1 shows a classification of
adjuvants based on physical and chemical properties.

A compendium of vaccine adjuvants and excipients published in
1995 catal oged many of theimmunol ogic adjuvants under
development and testing at that time (2). A second edition of this
publication is maintained on the NIAID Web site
(Www.niaid.nih.gov/a dsvaccine/pdf/compendium.pdf). This
edition is designed to be aliving document into which new
adjuvants, results, and contact information can be added.

REFINING THE UNDERSTANDING OF
ADJUVANT M ECHANISMS

Understanding of the human immune system has advanced
significantly during the past 20 years. Adjuvant researchers are
applying much of this new knowledge to understanding the
mechanisms of adjuvant action. Adjuvants function through
three basic mechanisms: 1) Effects on antigen delivery and
presentation, 2) induction of immunomodulatory cytokines, and
3) effects on antigen presenting cells (APCs).

Adjuvant Effectson Antigen Délivery and
Presentation

The original mechanism of action attributed to adjuvants was
the “depot effect” in which gel-type adjuvants or emulsion-
based adjuvants (e.g., Freund's adjuvant) associate with antigen
and effectively increaseitshbiological and immunologic “half-
life” at the site of injection. Although this mechanism does play
arole, during the past 20 years this explanation of adjuvant
activity has proven too simplistic by itself and has been refined
to include the improved delivery of antigen to APCs and to the
secondary lymphoid organs. The immunogenicity of synthetic
peptides and other soluble antigens that otherwise would be
rapidly cleared from theinjection site without sufficient delivery
to the draining lymph nodes can be improved using gel-type or
emulsion-based adjuvants. Particulate adjuvants, such as some
liposomes and microspheres, also can protect antigens from
proteolytic destruction in the stomach, allowing the antigen to
pass into the intestines intact for presentation to the gut-
associated lymphoid system. Particulate adjuvants can also
target antigen to APCs (macrophages and dendritic cells).
Adjuvants such as the choleratoxin B (CT-B) subunit also can
deliver antigen to macrophage cells of the gut to induce mucosal
immune responses (25) and permit transcutaneous antigen
ddivery (26).

Adjuvants also function through enhancement of antigen
presentation. After phagocytosis by macrophages of exogenous
particulate antigen formulations consisting of synthetic beads
with surface-conjugated antigen, or liposomes containing
encapsulated antigen and lipid A, the antigen is released into the
cytoplasm where it is treated as an endogenous antigen. The
antigen is then processed through the major histocompatibility
complex (MHC) class| presentation pathway, and this can lead
toinduction of cytotoxic T lymphocytes (27, 28). Ingestion of
liposomal lipid A by macrophages can a so enhance MHC class
Il presentation of liposome-encapsulated antigen by macroph-

ages(29).

I nduction of Immunomodulatory Cytokinesby
Adjuvants

Adjuvants also can induce the production of various cytokines
and chemokines, which then direct helper lymphocyte subsets
or APCsto modul ate immune responses. Several cytokines have
been used as experimental vaccine adjuvants, including
interleukin (IL)-2 and interferon gamma (IFNg). Certain cytokine
mixtures, including granul ocyte-macrophage col ony-stimulating
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factor (GM-CSF), tumor necrosisfactor-alpha(TNF-a), and IL-12
emulsified with incomplete Freund’s adjuvant, can serve to steer
theimmuneresponsein adesired direction (30). The T helper
(Th) 1 versus Th2 paradigm, although continually undergoing
evolution and refinement, gave adjuvant researchers areference
point to classify the activity of variousimmunologic adjuvants
that act primarily through the induction of immunomodul atory
cytokines (31). In mice, adjuvantsthat enhance Thl-like
responses, evidenced by delayed-type hypersensitivity (DTH)
reactions, also élicitimmunoglobulin (Ig) G2aantibody subclass
responses. Adjuvants such as CT, Escherichia coli heat-labile
toxin (LT), and alum can shift theimmune response toward Th2-
like responses, predominantly enhancing antibody production,
including IgA or IgE. IgE-mediated allergies are associated with

Th2 responses to alergens. The ability of adjuvants to preferen-
tially induce Thl over Th2 responses or even to “ correct”
immune responses that have naturally proceeded to the Th2
pathway isacommon goal for the development of prophylactic
vaccine or for therapeutic vaccines designed to combat allergies.

IL-12 isarecently characterized cytokine that may play apivotal
rolein the adjuvant activities of several microbial adjuvants. The
adjuvant activity of IL-12 has been demonstrated in aleishmania
vaccinein mice. Immunization of BALB/c micewith Leishmania
major antigensand I L-12 induced L eishmania-specific CD4* Thl
cells and conferred protection against infection against L. major.
Immunization of control animalswith antigen aloneelicited Th2
responses that were not protective (32).

Table1: Typesof ImmunologicAdjuvants

Bactenal exoloxins

Type of Adjuvant Creneral Examiples Specific Examples/References
1. Giel-type Aluminum hydroxide'phosphate (3}
("alum sdjuvants")y
Calcium phosphate (4)
2. Microhial hluramyl dipeptide (MDP) {5} Cholera toxin ({CT), Escherichia coli

heat-labile toxin (LT} (6}
Monophosphoryl lipid (MPL) A (7)

Synthetic polynucleotides

Endotoxin-based sdjuvants Cpl oligonuecleotides (8)
Bacterial DIMNA
3. Panmticulate Riodegradable {9
polymer microspheres
Immunostimulatory complexes {10y
(15C0Mz=)
Liposomes (1
4. Qil-ermulsion and Fround's incomplete adjuvant {1 2)MF 59
surfactunt-based Microflurdised emulsions (13)5AF
adjuvants (14, 15}
Saponing 5-21 (16}
5. Synthetic Muramyl peptide derivatives Murabutide (17}
Threony|-MIIE{1£)
Moo block copolymers LIZ1(15)
Polyphosphazene (PCPP) (1%

Poly AL, Poly 1:C (20}

. Cytokines Interleukin (IL)-2, IL-12,

stimulating factor (GM-CSF),
interferon gammea (IFRg)

granulpcyic-macrophage colony-

(21,22)

7. Genetic

as plasmid DM A

Cytokine genes of gencs encoding
costimulatory molecules deliverad

IL-12, TL-2, IFNg, CD40L (23, 24)
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Adjuvant Effectson APCs

During the past two decades, adjuvant researchers have begun
to study the effect of adjuvants on APCs, and in particular the
dendritic cell. Dupuis and his coinvestigators demonstrated that
fluorescein-labeled gD2 antigen from type 2 herpes simplex virus
contained in the emul sion-based adjuvant MF59 was internal -
ized by dendritic cellsafter intramuscul ar injection in mice (33).
The maturation of dendritic cells bearing antigen isrequired for
optimal presentation of antigen and induction of immune
responses through stimulation of T cells (34). Adjuvants that
induce dendritic cell maturation enhance immune responses
through T-cell activation. Ahonen, et al., demonstrated that a
synthetic adjuvant R-848 that previously was shown to induce
IL-12 and | FNa secretion induces the maturation of human
monocyte-derived dendritic cells. Maturation of dendritic cells
was demonstrated through the induction of cell surface expres-
sion of CD83 and increased cell surface expression of CD80,
CD86, CD40, and human leukocyteantigen (HLA)-DR. R-848
also induced cytokine and chemokine secretion from dendritic
cells. R-848 was shown to enhance dendritic cell antigen
presenting functions, as measured by increased T-cell prolifera-
tion and T-cell cytokine secretion in allogeneic and autologous
T-cell systems (35). Understanding the ability of adjuvantsto
increase antigen uptake and maturation of dendritic cellsis
critical to therational design of vaccine adjuvants.

CHANGING TARGETSOF VACCINES

Vaccine targets, requirements, and expectations also have been
expanding. Thisincludes therapeutic vaccine targets, including
allergy, autoimmunity, and cancer, aswell as new preventative
vaccines. During thistime period, there al so has been a marked
increase in the number of required and recommended childhood
immunizations, with varicella, pneumococcal conjugate, and
Haemophilus influenzae type b (Hib) conjugate vaccines added
to the vaccination series. During the same time, multicomponent
acellular pertussis vaccines began to replace whole-cell pertus-
sisvaccine, and an injectableinactivated poliovirus (IPV)
vaccine began to replace the live-attenuated oral poliovirus
(OPV) vaccine. Therefore, the devel opment of vaccinesformu-
lated in combinationsis being pursued as a common goal in the
vaccine industry to reduce the number of injections required to
accomplish therequired childhood immunizations. A combina-
tion vaccineis defined by the Food and Drug Administration
(FDA) as*“two or morelive organisms, inactivated organisms, or
purified antigens combined either by manufacture or mixed
immediately before administration (36).” Among thefirst
combination vaccines were diphtheria and tetanus toxoids and
whole-cell pertussis (DTP), and trivalent polio vaccines. The
desire to devel op combination vaccines often requires the
reduction of the concentration of antigens that are normally
given as single immunizations. The use of adjuvantsto provide
the dose-sparing effect required for these formulations may be
key to the success or failure of this approach.

The past 20 years has seen significant advancesin basic
immunol ogy, much of which can be applied to the study of
adjuvants and their proposed mechanisms of action. Vaccine
scienceis steadily moving away from the empirical approaches
by which it was characterized in the past to morerational
strategies of vaccine design in terms of dose, route of adminis-
tration, and presentation. Vaccines that can be administered by
means other than percutaneous injection are also under devel-
opment; oral and transcutaneous immunization are already in
preclinical and clinical evaluation.

| MPROVEMENTS IN ADJUVANT SAFETY
TESTING

The benefits of incorporating adjuvantsinto vaccine formula
tions to enhance immunogenicity must be weighed against the
risk of these agents inducing adverse reactions. Local adverse
reactionsincludeinflammation at theinjection siteor, rarely, the
induction of granulomas or sterile abscesses. Systemic reactions
to adjuvants observed in laboratory animalsinclude malaise,
fever, adjuvant arthritis, and anterior chamber uveitis, although
retrospective analyses of previous human cohorts, including a
large group of soldiers administered an influenzavaccine
containing IFA, suggest that such models may not always
accurately reflect expected toxicity in humans (37). Such
reactions may be due to synergy between biologically active
antigens, such as bacterial exotoxins or endotoxins, and the
adjuvant. These combinations might promote, through the
induction of inflammatory cytokines, reactions that would not be
seen with more inert antigens combined with the same adjuvant.
Therefore, even though separate and extensive preclinical
toxicity studies may have been performed on the adjuvant and
the vaccine antigens to be incorporated into a candidate vaccine
formulation, afinal safety evaluation of the vaccine slated for
phase | clinical testing should be conducted. This evaluation
should be conducted in asmall animal speciesin which the
antigen has been found to be immunogenic and that can be
reproducibly immunized viathe same route anticipated for usein
humans. The dose and frequency of immunization also should
meet or exceed those anticipated for usein theclinical trial. Such
atest, conducted in rabbits, was designed through a collabora-
tive effort among the Center for Biologics Evaluation and
Research, FDA, and NIAID and continues to be evaluated with
vaccine formulations containing novel adjuvants (38).

FuTure ADJUVANT RESEARCH AND
DEVELOPMENT

Optimization of theimmunogenicity of modern single and
combination vaccines constructed of subunit antigens will
require the use of alarger array of immunol ogic adjuvants than
the aluminum compounds in today’s licensed vaccines. The
selection of adjuvants for use in vaccine formulationsis
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important in optimizing vaccine efficacy, improving vaccine
compliance, and reducing cost. They should be chosen for use
with a particular antigen based on the route of administration
and the immune responses desired. Standardized methods
currently under development for the evaluation of adjuvant
safety should be implemented for testing human candidate
vaccines formulated with novel adjuvants. The methods and
models adopted for use in the safety evaluation of adjuvanted
vaccines must be appropriate for the formulation and the route
of administration.
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Changesin the Regulations for Vaccine Research and Development

Norman W. Baylor, Ph.D., and Loris D. Mc\ttie, Ph.D.

| NTRODUCTION

Over the past 20 years, there have been many new vaccines
licensed for use in the United States (Table 1). Although there
are general requirements (e.g., good manufacturing practices,
labeling, licensing procedures, conduct of clinical trials) codified
inthe Federal regulationsfor all biological products, there are no
specific minimum standards codified in the regul ations for the
manufacture and clinical evaluation of any of the vaccineslisted
inTable 1. The Food and Drug Administration (FDA) is con-
stantly challenged to develop standards for assessing the safety
and efficacy of new vaccines under development. Instead of
incorporating new standards into the regulations, the license
application itself contains all of the standards for each specific
new vaccine. The FDA also publishes guidance and other
regulatory documents on specific topics to assist manufacturers
and clinical investigatorsin devel oping new products. Some of
these will be discussed in more detail below.

Regulatory History

Theregulation of biologics, vaccinesin particular, has devel-
oped historically around safety concerns. It has been nearly a
century since Congress enacted the 1902 Biologics Control Act.
Thiswasthefirst U.S. legidation that regulated the sale and
interstate traffic of viruses, serums, toxins, and analogous
products. These provisions were revised and codified in Section
351 of the Public Health ServiceAct (PHSAct) of 1944. This
congressional mandate established a regulatory program
whereby manufacturers of biological products must be licensed
to distribute these products and must provide adequate
demonstration that they are pure, potent, and safe for their
intended purposes.

The regulation of biologics can be divided into two phases:
Premarketing, which consists of the investigational and licens-
ing phase, and postmarketing, which involves surveillance of
the product performance after licensure. The PHSAct alows
only licensed products to be shipped from one State to ancther.
With the passage of the K efauver-Harris amendments to the
Food, Drug, and CosmeticAct (FD& CAct) in 1962, the FDA
obtained the legal authority to regulate clinical research in the
United Stateswhen an experimental (investigational) product
moves across State or international borders.

The authority to revoke or deny a license on the basis that the
product isineffective or misbranded isnot explicit in Section 351
of the PHSAct. However, al biological products, including
vaccines, are defined to be drugs. Thus, the FD& C Act also
pertains to biological products. Applicable provisions of the

FD& C Act containing explicit authority to control the effective-
ness and misbranding of all drugswere redelegated in 1972 for
use to control the effectiveness and misbranding of biological
products.

OnJduly 1, 1972, the Division of Biologics Standards of the
National Institute of Allergy and Infectious Diseases, which was
charged with administering and enforcing Section 351 of the
PHSAct, wastransferred by the Secretary of Health, Education
and Welfare to the FDA and became the Bureau of Biologics
(BoB). Thisresulted in the transfer of the regulations pertaining
to biologicsfrom Part 73 of Chapter | of Title 42 of the Code of
Federal Regulations (CFR) to Chapter | of Title 21 of the CFR
(2). In 1982, the BoB was renamed the Office of Biologics
Research and Review (OBRR) and combined with the Office of
Drugs Research and Review to form the Center for Drugs and
Biologics. In 1987, the OBRR wasrenamed the Center for
Biologics Evaluation and Research (CBER).

L egal Authority

A single set of basic regulatory criteria appliesto vaccines,
regardless of the technology used to produce a vaccine. The
legal authority for the regulation of vaccinesresidesin Section
351 of the PHS Act aswell as specific sections of the FD& C Act.
These statutes are implemented through regulations codified in
the CFR. The CFR contains current regulations of all U.S.
Federal agencies. There are 50 titles, and the FDA regulations
arefoundin Title 21. Theregulationsthat specifically apply to
vaccines and other biologics are located in 21 CFR 600 through
680. VVaccine manufacturers must also comply with current good
manufacturing practiceswrittenin 21 CFR 210 and 211. The CFR
regulations cover the methods, facilities, and controls to be used
for the manufacture, processing, packing, and holding of drugs
and biologics to assure that such products meet the require-
ments of the FD& C Act asto safety and have the identity,
strength, quality, and purity characteristics that they are
purported to possess. These regulations detail the minimum
requirements for the preparation of drug products for administra-
tion to humans or animals. Other specific regulations that apply
to vaccines and biologics are 21 CFR Part 50—protection of
human subjects, Part 56—institutional review boards, Part 58—
good laboratory practices, Part 201—Iabeling, and Part 312—
investigational new drug applications.

CHANGES To THE REGULATIONS

The Prescription Drug User FeeAct of 1992 (PDUFA I) enabled
the FDA to accelerateits drug and biological evaluation process.
Thislegislation resulted in acommitment by the FDA to perform
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complete reviews, not necessarily approvals, of regulatory
submissions for new or currently marketed products and provide
feedback to manufacturers (applicants) within specified
timeframes.

The Clinton administration’sreinventing Government initiative
ordered all Federal agenciesto review their regulations and
eliminate or revise those that were outdated. As aresult of this
initiative, the FDA issued anotice of proposed rulemaking in the
Federal Register of October 13, 1995, for theremoval of a
number of outdated or unnecessary regulationsin 21 CFR 100 to
801 (2). The FDA issued afinal rulein August 1996 to remove
certain biologics regulations that were considered obsolete or

no longer necessary to achieve public health goals (3). Among
these regulations were the additional standards for bacterial
products (including bacterial vaccines), 21 CFR 620, and
additional standardsfor viral vaccines, 21 CFR 640. Although
not all bacterial and viral vaccines were actually covered in the
additional standards as written in the regul ations, the elimination
of theregulationsthat did exist allowed for amoreflexible
approach in the development of product specifications without
having to adhere to codified standards that quickly become
obsolete.

The passage of the FDA Modernization Act of 1997 (FDAMA)
focused on reforming the regulation of drugs and biologicals as
well asfood and cosmetics. The FDAMA reauthorized the
PDUFA | and extended it through September 30, 2002. In the past
5 years, the PDUFA |1 program has further compressed the
timeframes by which regulatory submissions are to be reviewed.

The codified initiatives under the FDAMA included measuresto
modernize the regulation of biological products by bringing
them in harmony with the regulations for drugs. Thisincluded
eliminating the need for establishment license applications. Prior
to the FDAMA, a product license application and an establish-
ment license application (ELA) wererequired to be submitted for
review by the FDA. Section 123 of the FDAMA amended
Section 351 of the PHS Act to require that asingle biologics
license bein effect for all biological productsininterstate
commerce. On October 20, 1999, thefinal rule“Biological
Products Regulated Under Section 351 of the Public Health
ServiceAct; Implementation of the Biologics License; Elimina-
tion of the Establishment License and Product License” was
published (4). Thisfinal rule addressed procedures for handling
Biologics License Applications (BLAS) and issuance of
biologics licenses for all products subject to licensure under the
PHSAct, and amended thelicensing regulationsin 21 CFR 601
to reflect the changes to the licensing requirement of Section
3B1

InJuly 1997, the FDA amended the biologicsregulationsfor
reporting changes to an approved application (5). These
regulations describe the nature and extent of information that
must be submitted to the CBER by manufacturers of licensed
products to support changes in product manufacture, testing, or

clinical use. The FDA proposed that for reporting purposes,
changes to a licensed product be divided into three categories
based on the potential of change described to substantialy,
moderately, or minimally affect product safety, purity, potency, or
effectiveness in an adverse way. The “changes to be reported”
regulationsarefoundin21 CFR601.12.

REGuULATORY DOCUMENTS

The FDA also publishes guidance documents that do not have
the force of law, but provide useful recommendationsin specific
developing areas of science. Guidance documents can clarify
certain sections of the CFR or provide expanded discussions of
current scientific and regulatory expectations regarding product
development. The use of such documents to provide guidance,
rather than regulations to enumerate requirements, allows the
agency to be moretimely, flexible, and responsiveto rapidly
evolving scientific fields. With the enactment of the PDUFA and
FDAMA; significant advancesin many areas of immunology,
microbiology, virology, and related sciences; and participation of
the United States in efforts of the International Conference on
Harmonization (ICH) (ajoint project between theregulatory
authorities of Europe, Japan, and the United States and pharma-
ceutical industry experts) all leading to an increasingly complex
regulatory environment, the number of guidance-containing
documents has grown dramatically. Many of these documents
arerelevant to vaccine development. The following section
provides a brief discussion of those documents most often
referenced by FDA reviewersin their assessment of regulatory
submissions.

The* Pointsto Consider in the Characterization of Cell Lines
Used to Produce Biologicals’ (1993) describes basic conceptsin
cell banking and characterization, including testing for tumorige-
nicity and adventitious agents. In the years since this document
was developed, concerns regarding the possible presence of
adventitious agents (which may have arisen from contaminated
raw materials or been introduced during the manufacturing
process) and the ability to detect these agents have increased.
The CBER iscurrently working to revise and update guidance in
thisarea, which affects cell banksand viral seeds. The ICH also
has published “ Guidance on Quality of Biotechnological/
Biological Products: Derivation and Characterization of Cell
Substrates Used for Production of Biotechnological/Biological
Products’ (Q5D, 1998), which isgenerally applicableto many
vaccine products not madein primary cell lines.

Additional guidanceregarding adventitiousviral clearance(i.e.,
virus removal or inactivation) may be found in “Pointsto
Consider in the Manufacture and Testing of Monoclonal
Antibody Productsfor Human Use” (1997) and in the |CH
document “Viral Safety Evaluation of Biotechnology Products
Derived From Cell Linesof Human or Animal Origin” (Q5A,
1995). Although the | CH document excludes most vaccinesfrom
the scope of its coverage, the concepts discussed are consid-
ered generally relevant for many traditional vaccine approaches.
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The emphasis by the FDA and ICH on cell and viral issues
underscores the importance of thorough, well-documented,
scientifically sound testing and characterization from the earliest
stages of product development. As always, it isincumbent upon
product manufacturers to keep abreast of agency recommenda-
tions and requirements to ensure satisfactory product quality
and safety and to avoid regulatory hurdles caused by poor
decisionmaking and recordkeeping during the devel opment
process.

Asan example of the need for appropriate product quality
control from the onset of product development, consider the
concern that has arisen regarding the potential presence of
causative agents of transmissible spongiform encephal opathies
in products exposed to animal-derived raw materials at any stage
of development and manufacture. This concern, albeit remote
and theoretical at thistime, has prompted not only rigorous
prospective qualification of bovine materials, such as serum
used for cell culture, but also retrospective searches for docu-
mentation of materialsused in cell bank and viral seed prepara-
tions. Throughout the 1990s, the FDA and CBER sent a series of
“Dear Manufacturer” letters cautioning against the use of
undocumented or inappropriately sourced bovine materials.
Although agency policy is evolving, there has been and
continues to be a clear expectation that only appropriate material
should be used during all stages of product manufacture.
Current information regarding regul atory expectations and
scientific concerns may be found on the CBER Web site (http://
www.fda.gov/cber).

In addition to the guidance provided in the documents listed
above, the CBER's Office of Vaccines Research and Review
(OVRR) has sent several letters to sponsors of investigational
new drugs (INDs) covering new considerations for testing for
adventitiousretroviruses|letter of Dec. 14, 1998 (www.fda.gov/
cber/Itr/viral 121498.htm)] and for characterization of products
derived from the Vero cell continuousline[letter of Mar. 12, 2001
(www.fda.gov/cber/Itr/vero031301.htm)]. The use of such letters
to convey concerns or make recommendations regarding
emerging technologies or scientific issuesfacilitates the
establishment of clearer communication between the agency and
sponsors in these complex policy areas.

Another rapidly expanding area of interest is the development of
DNA vaccines. The nature of these products dictates that
specific preclinical studies be carried out to address issues of
integration, biodistribution, and persistence of the vaccine
construct in subjects. The “Pointsto Consider on Plasmid DNA
Vaccinesfor Preventive Infectious Disease Indications’ (1996)
provides extensive discussion and recommendations regarding
these and other relevant issues.

Of great utility for the devel opers of all new vaccinesisthe
“Guidancefor Industry for the Evaluation of Combination
Vaccines for Preventable Diseases: Production, Testing and

Clinical Studies’ (1997). Thisdocument providesaconcise
discussion of many generally applicable principles of vaccine
development with regard to performance and documentation of
manufacturing and quality control testing, aswell as elements of
clinical trial design and conduct. Combination vaccines, which
are those intended to prevent multiple diseases or asingle
disease caused by different strains or serotypes of the same
organism, have been interpreted to fall under the purview of 21
CFR610.17, which dictates that licensed products may not be
combined with other licensed or unlicensed products unless a
license is obtained for the combination. Moreover, according to
21 CFR601.25(d)(4), each component of the combination must
contribute to the claimed effects of the combination and must
not interfere with each other’s performance. The combination
vaccines guidance document discusses specia challenges
presented in demonstrating the safety and effectiveness of
these products, such as the compatibility of active components
and potential for immunological interference.

With theimplementation of the new BLA to obtain marketing
approval, guidance was devel oped in the “ Content and Format
of Chemistry, Manufacturing and Controls[CMC] Information
and Establishment Description Information for aVaccine or
Related Product” (1999). Thisdocument providesadetailed
outline of the CMC and establishment sections of the BLA. The
CMC section requires descriptions of the method of manufac-
ture, batch records, in-process controls, and product consis-
tency and stability; the guidance document discusses these and
other pointsin detail to assist manufacturers preparing alicense
application. Similarly, the establishment section, which takesthe
place of theformerly separate ELA, should contain information
regarding specific facility systems (e.g., water and ventilation)
and contamination and cleaning issues. It should be noted that
many facilitiesissues will also be addressed during the
prelicensure inspection that will be conducted by various
agency experts.

Recently, the “ Guidance for Industry on Considerations for
Reproductive Toxicity Studiesfor Preventive Vaccinesfor
Infectious Disease Indications’ (2000) was devel oped because
of the potential for preventive vaccinesto be used in femal es of
childbearing potential aswell as pregnant women. While
preclinical studies addressing this issue are now expected to be
completed during the prelicensure stage of product develop-
ment, this document also discusses the establishment of
pregnancy registries for productsin commercial use.

While not specific for vaccines, many other documents pub-
lished by the ICH are useful in assessing vaccine quality, with
regard to manufacturing issues and clinical performance.
Documents on stability, assay validation, specifications,
preclinical testing, clinical datacollection and organization, as
well as other topics are available on the CBER Web site (http://
www.fda.gov/cber) and may provide helpful guidanceto
developers of various vaccine products.
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Guidanceisalso available on the many administrative proce-
dures and policies that have arisen from the PDUFA and
FDAMA. For example, different types of meetingswith the
agency are described in “ Guidance for Industry on Formal

M eetings With Sponsors and Applicants for PDUFA Products”
(2000). This document describes the proceduresto be followed
in requesting a meeting, which were devised to help ensure that
meetings can be held in atimely manner with relevant staff in
attendance. Additional guidance on the CMC content of
meeting packages to be submitted by manufacturers of IND
productsisavailablein the document entitled “IND Meetings
for Human Drugs and Biol ogics—Chemistry, Manufacturing,
and Controls Information” (2001). Critical guidancefor potential
license applicantsisfound in the Refusal to File Guidance,
which describes criteria by which alicense application may be
considered to be so incompl ete as to be unreviewable.

FuncTioN OF THE OFFice OF
VAccINES REsearcH AND REVIEW

The CBER'sOVRR isresponsiblefor regulating vaccines and
related products produced by manufacturers licensed in the
United States. The OVRR isone of six officesestablished in
January 1993 during the reorgani zation of the CBER. Thisoffice
is comprised of two laboratory-based divisions (Division of
Bacterial, Parasitic and Allergenic Productsand Division of Viral
Products) as well as a nonlaboratory-based division [Division
of Vaccines and Related ProductsApplications (DVRPA)]
comprised of nonlaboratory-based scientists and physicians.

DVRPA hastheresponsibility for theinitial receipt and adminis-
trative processing of biological INDsand BLAsfor vaccines
and related products submitted by the regulated industry. This
division has the responsibility along with the laboratory-based
research divisionsfor thereview of viral, bacterial, rickettsia,
and parasitic vaccines, toxins, toxoids, diagnostic substances
for dermal tests, venoms, and allergenic extracts. Thereview
processinthe OVRR beginswith aninitial review by
multidisciplinary review teams consisting of microbiologists,
virologists, immunologists, toxicologists, statisticians, physi-
cians, and consumer safety officers for scientific content and
compliance with the regulations. Reviewers are selected on the
basis of their expertise with the type of product, its method of
manufacture, and clinical indication.

Approval of anew vaccine application or supplement (applica-
tions are submitted for new products, whereas supplements to
those applications must be submitted when significant manu-
facturing, facility, or equipment changes are madeto the
product, or a new indication is sought) involves the satisfactory
review of all manufacturing and clinical data, areview of
protocols for manufacturing and testing, the results of confirma-
tory testing within the OVRR, and a prelicensing inspection by
product expertsin the OV RR and good manufacturing practice

expertsfrom the CBER's Division of Manufacturing and Product
Quality. In addition, the preapproval process usually involves a
review and discussion of applications by the OVRR’s Vaccines
and Related Biological ProductsAdvisory Committee prior to
approval.

SUMMARY

There are hundreds of vaccinesin clinical trials throughout the
world. Many of these investigational vaccines contain novel
adjuvants, some are DNA vaccines, and others are recombinant
subunit vaccines. The FDA hasthe difficult charge of regulating
these vaccines to assure they are safe and efficacious. It
continues to face new challenges, dealing with such safety
concerns as the use of novel cell substrates and the evaluation
of these cell substrates for known and unknown adventitious
agents. The FDA's regulations and guidance documents will
continue to evolve in response to new technologies.

Table1: VaccinesLicensed in theUnited Sates
Between 1981 and 2001

Date Vaccine

1981-1990 Meningococcd A, C, Y, W-135 vaccines

Hepatitis B vaccine

Pneumococcal polyvalent 23 vaccine

Haemophilus influenzae type b (Hib)
polysaccharide vaccine

Hib conjugate vaccine

Typhoid live oral Ty21A vaccine

1991-2001  Diphtheria and tetanus toxoids and acellular

pertussis (DTaP) vaccine
Japanese encephalitis vaccine

Diphtheria and tetanus toxoids and
whole-cell pertussis (DTP)-Hib conjugate
combination vaccine

DTaP-Hib conjugate combination vaccine
Hepatitis A vaccine
Typhoid polysaccharide vaccine

Varicella vaccine

Hib conjugate-hepatitis B combination
vaccine

Rotavirus vaccine
Lyme vaccine

Pneumococcal conjugate vaccine
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Vaccine Efficacy and Safety Evaluation

Mary A. Foulkes, Ph.D., and Susan S. Ellenberg, Ph.D.

Benefit-to-risk considerations are needed to support informed
public health policy decisions and personal choices regarding
vaccinations. Such considerations require that the efficacy and
the safety profile be evaluated thoroughly for any given
vaccine. From this perspective, we discuss the continuing
process of vaccine development and evaluation through to
widespread public use.

V AccINE DEVELOPMENT

Vaccine efficacy has long been defined as the reduction in the
infection rate attributable to the vaccine (1, 2). It is sometimes
estimated as prevention of disease after deliberate exposurein
challenge studies, or by induction of immunogenicity when a
specific immune response measured serologically has been
shown to be adequate to prevent infection. Efficacy, whether
measured directly as prevention of the targeted disease or
indirectly by measuring immune response, isgenerally evaluated
in prospective, randomized controlled trials. Double-blind trials
with placebo controls are often necessary to minimize biasin
patient recruitment and assignment and in evaluation of
outcomes.

Initial testing of new vaccinesinvolves measuring immune
responsesin phase | and Il trials. Immunogenicity isameasure
of the ability of the vaccineto elicit the desired or intended
immunologic response. Antibody titers provide a measure of an
individual subject’s direct response to the vaccine, and in
principle, should indicate whether that subject islikely to be
protected from the disease in question. Additionally, safety
assessments, primarily evaluation of local and systemic reac-
tions, are very important in establishing arationale for future
development. Often, multiple doses are evaluated to arrive at an
optimal dosefor further investigation. Similarly, multipleroutes
of delivery can be evaluated (e.g., injection; tablet; inhalation; or
edible products such as potatoes, bananas, or tomatoes). This
information can provide aninitial, relatively imprecise measure of
risk/benefit ratio.

Phase |11 trials to assess efficacy are conducted after early phase
trials establish preliminary evidence of the vaccine's safety and
immunogenicity. The appropriate size of phase Il vaccinetrials
depends upon avariety of factors, including the primary
outcome measure, the disease rate in the absence of vaccination,
the minimum effect size of interest, and the acceptable error rates
(aand b). Sample sizes needed to study efficacy based on levels
of immune response are usually much smaller than those needed
to evaluate prevention of clinical disease, and vaccinesto
prevent common diseases can be evaluated in smaller trialsthan

vaccinesto prevent rare diseases. For example, the efficacy of
varicellavaccinewas clearly establishedinaclinical trial that
included less than 1,000 subjects; on the other hand, the World
Health Organization Vaccine Trial Registry includes numerous
phase Il efficacy trials of cholera, Haemophilusinfluenzae type
B (Hib) meningitis, and pneumococcal vaccinesenrolling tens of
thousands of subjects. The first randomized vaccinetrial, the
Francisfieldtrial of the Salk polio vaccine, required nearly half a
million childrenin order to reliably assessthe vaccine's efficacy

©

If the focus of avaccinetrial includes not only efficacy but also
safety with respect to a specific adverse event, additional
factorsto consider in determining sample sizewould be the rate
of that adverse event in the absence of vaccination, and the
magnitude of the difference in the event rate between the
vaccinated and nonvaccinated groups that one would wish to
detect. Due to the association of intussusception with rhesus
rotavirusvaccine (4), for example, trials of new rotavirusvaccine
candidates will have to focus on the rate of intussusception as
well as on the usual measures of vaccine efficacy. When the rate
of arelatively rare adverse event determines the sample size, the
trial may be considerably larger than trials designed with vaccine
efficacy asthe sole driving focus.

Aswith al new pharmaceutical products, evaluation of safety is
acritical concernin all phases of vaccine development, from
early phase | through phase 1V (5, 6, 7). Active adverse event
monitoring is very important throughout the process of experi-
mental vaccine evaluation. Phase | trials are often designed as
dose-finding studies, looking for immediate toxicity and unan-
ticipated adverse events, measuring antibody titers, injection
site reactions (erythema, induration, pain and tenderness),
allergic reactions, and other short-term (hours to days) out-
comes. These may even be conducted in an inpatient facility to
permit close observation, reporting of signs and symptoms, and
collection of seraand other specimens. Phase I1 trials, often
placebo controlled, are designed to further establish safety.
These trials capture the occurrence and magnitude of fever,
irritability, injection siteredness, swelling, and pain, aswell as
the longer term (weeks to months) response to vaccine. Saf ety
events are scrutinized as isolated events and as consolidated
events, e.g., any respiratory adverse event during the follow-up
period. The eligibility for these trials becomes progressively less
restrictive in each successive phase, approaching the target
population of potential vaccinees. Phase 1l controlled trials,
often double blind, are designed to directly estimate vaccine
efficacy with heal th outcomes (requiring months of follow-up),
such asinfection, hospitalization, or absenteeism from school or
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employment, rather than exclusively immunol ogic end points,
except in cases in which the immune response is considered to
be a satisfactory surrogate for clinical protection. In addition to
evaluating efficacy, phase I11 trials often address duration of
protection.

Prelicensure studies typically provide adequate safety data on
relatively common adverse events, but usually cannot provide
estimates of the risk of more serious but rare adverse events.
Experiencewith similar or earlier generation vaccines[e.g., ora
poliovirus (OPV), whole-cell pertussis, or rhesusrotavirus
vaccines] can suggest appropriate adverse events for focused
attention in safety studies. Hypotheses related to vaccine safety
often require larger and/or longer studies than have been
conducted traditionally prior to licensure.

As more vaccines have been added to the pediatric immuniza-
tion schedule, and as the incidence of serious infectious disease
has declined, parent groups and the lay media have focused
increasing attention on possible vaccine-associated adverse
events. With memory of the infectious disease epidemics of the
past fading, previously acceptable margins of uncertainty may
be larger than can be tolerated. Expansion of the prelicensure
safety information as discussed above may be inevitable.

Vaccine formulations often include additives: Adjuvants such as
aluminum hydroxide, aluminum phosphate, and cal cium phos-
phate; preservatives such asthimerosal; and thermal or alkaline
stabilizers such as MgCl,. The effects of these additives on the
immune response and on adverse events need to be evaluated
thoroughly during development and postlicensure. Recent
concerns about exposing infants to mercury compounds have
led to the discontinuation of vaccines manufactured with
thimerosal, a mercury-containing preservative, for usein the
United States (8). As the result of concerns about exposure to
products that could potentially transmit bovine spongiform
encephal opathy (BSE), stabilizers of bovine origin are no longer
used. Investigational adjuvants, used to enhance immune
response, also may raise safety concerns, particularly with
therapeutic vaccines for which it may be difficult to distinguish
between adverse events caused by the administered product
and adverse events that are part of the disease process that is
being treated (9). Severelocal reactions|[localized cystic
reactions requiring surgical intervention (10)] and the subse-
guent perceived safety profile of incomplete Freund's adjuvant
(IFA) have limited its use in recent years and have impacted the
development of newer adjuvants. Other examplesinclude the
evaluation of avariety of adjuvants, including a liposome-based
adjuvant in malariavaccine (11), or multiple adjuvantswith
different physical and chemical propertiesin an experimental
human immunodeficiency virustype 1 (HIV-1) vaccine (12).

Each new vaccine development poses unique challenges, but
the development of HIV vaccinesis particularly challenging.
Since HIV isknown to have ahigh rate of mutation of the HIV-1

envelope protein (13), there are subtle biological and geographic
differencesin variants of the virus that may be changing over
time. To ensureimpact on the rate of HIV transmission, public
policy considerations must include not only vaccine efficacy,
but also population-level benefits (direct and indirect effects),
including behaviora changes, vaccine coverage rates, second-
ary transmission rates, mixing patterns, and other factors (14).
Phase Il trials of HIV candidate vaccines are ongoing. One of
thelimiting factorsin movingtrialsforward isthelack of known
correlates of protection that could simplify and speed the
evaluation of candidate vaccines. Candidate vaccines might
prevent infection, prevent or delay progression to clinical
disease, or reduce HIV-1 transmission in humans. The choice of
target for an HIV vaccine affects not only the vaccine design
and development, but also the ultimate public health impact,
given multiple clades with geographi c-specific prevalence.
Those factors specific to HIV vaccine trials that may increase
thetrial size, duration, and/or complexity includethe need for
rapidtrial results, the gradual accumulation of maximum protec-
tion, accuracy levels of detection assays, and HIV exposure
avoidance counseling (15). Trialsmay need increased sample
sizedueto the potentially small effect size, which may bethe
result of competing behavioral interventions, excessive lossto
follow-up, or aneed for broader inclusion of various subpopul a-
tions.

POSTLICENSURE SURVEILLANCE

Since preventive vaccines are administered to millions of healthy
individuals, they necessarily undergo extensive and continuous
safety evaluation. Most safety monitoring of licensed vaccine is
based on passive reporting systems, such as the Vaccine
Adverse Events Reporting System (VAERS) in the United States
(16) and the Yellow Card system used by the Medicines Control
Agency in the United Kingdom (17). Passive systems have
many known limitations, including underreporting of events,
incomplete and often inaccurate information on the event itsel f
and the medical history of the vaccinee, and the inability to
distinguish coincidentally occurring serious events from those
with atrue causal association with the vaccine (18). Passive
surveillance approaches offer hypothesis-generating but not
hypothesis-testing capabilities.

Improved surveillance approaches are feasible with sophisti-
cated computer systemslinking routine clinical datawith
immunization records. Examples of such systemsincludethe
Canadian Immunization and Monitoring ProgrammeActive
(IMPACT) system (19), and the Vaccine Safety Datalink [V SD]
(20) inwhich anumber of health maintenance organizations
(HMOQs), such as Kaiser Permanente Northern Californiaand
Group Health Cooperative of Puget Sound, collaborate with the
Centersfor Disease Control and Prevention (CDC) on vaccine
safety investigations. These systems have been instrumental in
describing the safety profile of pneumococcal, varicella,
hepatitis B, Hib, and other vaccines. They can provide postvac-
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cination rates of local and systemic reactions, hospitalization,
emergency room use, sudden infant death syndrome (SIDS), and
other events. They also can provide the setting for randomized
controlled trials, comparisonsto historical (prevaccine) controls,
case-control studies, or comparisons of observed safety profiles
of different vaccines (21).

Onceavaccineisgenerally available, safety monitoring contin-
ues with respect to the production, distribution, storage, and
delivery. Package insertsfor licensed vaccinesinclude recom-
mendations for storage and handling. The widespread use of
vaccines rapidly after licensure can exacerbate these saf ety
considerations. The classic historical exampleisthe Cutter
incident. In the production of inactivated poliovirus (IPV)
vaccinefrom Cutter Laboratories, not all of thewild poliovirus
was inactivated in two of the vaccine lots, leading to 260 cases
of paralytic polio clearly caused by the vaccine. Thisincident
had the potential, fortunately unrealized due to the positive
public reception to the vaccine, to seriously undermine the
entire vaccination program (22). As a consequence of this
devastating event, CDC established surveillance programs to
continuously monitor vaccine adverse effects (23). Refinement
of postlicensure safety assessments has continued, and oral
vaccine has been superseded by inactivated vaccine. The
Department of Health and Human ServicesAdvisory Committee
on Immunization Practices (ACIP) recommended in 1999 that IPV
be used exclusively in the United Statesto eliminate the
shedding of live vaccine virus and the risk of vaccine-associated
poliomysdlitis.

Aninstructive exampl e of the rapidity with which postlicensure
safety evaluation can provide important new information
following the introduction of anew vaccineisthe experience
with the tetravalent rhesus-human reassortant rotavirus vaccine
(RRV) approved by the Food and Drug Administration (FDA) in
1998 and then recommended for universal administrationto
infants (24). Theinitial placebo-controlled trialsof RRV demon-
strated the vaccine's efficacy in reducing the incidence and
severity of rotavirus. Although several cases of intussusception
had occurred among approximately 10,000 vaccinees, the
observed rate did not appear to exceed the expected number
based on estimated background rates in this age group; further,
a case of intussusception also had been observed among the
controls(25). Passive surveillance (VAERS) provided theinitial
indication of a safety concern; the reporting of 15 cases of
intussusception following RRV during thefirst 10 months after
licensure represented about half the number that might have
been expected during that interval, based on the expected
background rate and the estimated vaccine coverage (26). Given
the unknown but likely substantial underreporting, these reports
generated concern and prompted the rapid design and imple-
mentation of alarge case-control study. Simultaneously, ACIP
recommended theimmediate suspension of the RRV immuniza-
tion program. When the case-control study was compl eted,
showing a strong causal association between the vaccine and

intussusception (27), the American Academy of Pediatrics
Committee on I nfectious Diseases withdrew itsrecommendation
for rotavirus vaccination (28), and the manufacturer voluntarily
recalled the product.

V AcCCINE ADVERSE EVENT
SURVEILLANCE M ETHODS

Just as vaccine devel opment and new routes of delivery are
evolving, so are the methods for surveillance of adverse events.
One surveillance method, used in the United Kingdom and
Canada to monitor the adverse events associated with vaccines,
is based on the linkage of vaccination records (dates and
vaccine batch numbers) and hospital discharge diagnosis
records. This method controls for confounding by indication
without requiring information on noncases (29, 30). The propor-
tion of cases vaccinated is compared to the proportion vacci-
nated in the population as awhole, without the detailed vaccina-
tion record data for the entire population. The advantage is that
this method provides an estimate of relative incidence of the
clinical event conditioned not only on the occurrence of the
event (as with the usual case series), but also on the vaccination
history (31). Therisk associated with a specific dose of a
multidose regimen, the duration and magnitude of any increased
risk, aswell asrisks attributable to particular strains of vaccine
could be compared by this approach. The potential associations
between diphtheria and tetanus toxoids and whole-cell pertussis
(DTP) vaccination and febrile convulsion and between measl es-
mumps-rubella(MMR) vaccination and idiopathic thrombocy-
topenia purpura (ITP) wereinvestigated by this method. With
increasing availability of administrative computerized records,
and more combination vaccines delivering more antigens
simultaneousdly, this approach provides an additional method for
identifying adverse events without requiring vaccination data
on the entire population.

The VSD permitsavariety of study approaches, including case
series, case-control studies, and cohort studies, with the
additional strength of chart validation and prospectively
recorded vaccination history (19, 20). IntheV SD, vaccination
records are linked to pharmacy prescriptions, demographic data,
and medical outcome records at several HMOs. While not
broadly representative of the U.S. population, opportunities
exist with this approach to investigate diverse vaccination
exposures and acutely emerging public health questions. As
HMOs are added to the VV SD, and the popul ation becomes more
representative, the VSD will provide even more valuable data.

Computer-intensive methods such as data mining are being used
to explore and analyze very large datasets to identify potential
associations between vaccines and adverse outcomes. Data
mining methods are not dependent upon strong model assump-
tionsasare, for example, discriminant analysisor multiplelinear
regression. Some datamining applicationsrely on existing
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analytic techniques such as logistic regression or recursive
partitioning. The application of data mining techniquesto
VAERS, using empirical Bayesian estimation, has been de-
scribed using the data on the rhesus rotavirus vaccine associa-
tion with intussusception as an example (32). It remainsto be
seen how effective the routine application of data mining
techniques to passive surveillance datawill bein providing
early signals of true vaccine safety issues.

CoMBINATION VACCINES

Combination vaccines have been in usein the United States
since the 1940s. They offer increased convenience and there-
fore the potential for increased vaccine coverage, particularly as
the pediatric vaccination schedule continues to expand. The
evaluation of combination vaccines administered in the same
syringeis complex, but the impact of combination vaccines on
clinical staff, parents, and infantsis clear. Numerous investiga-
tors have demonstrated the savings attributable to combination
vaccinesin total staff time associated with vaccine preparation,
injection, and administrative issues (shipping, handling,
storage), aswell asin reducing infant crying time and multiple
visits (33, 34). Fewer injections al so diminish missed vaccination
visits, simplify the overall vaccination schedule, and facilitate
broader vaccine coverage. Antigenic competition, decreased
immunogenicity or increased reactogenicity, choice of control
groups for comparison in prospective trials, standardized
assessment of adverse reactions, and determination of serologic
correlates of protection all complicate the evaluation of combi-
nation vaccines (35, 36). Standardized assessment of adverse
eventsin trials comparing combination vaccine with separately
administered components has been recommended for pre- and
postlicensure studies (37). More safety data may be needed for
some combination vaccines if the available safety datafor the
individual componentsarelimited (38).

Risk CoOMMUNICATION

The continued success of immunization programs and infec-
tious disease control depends to a great extent upon targeted,
accurate, and timely communication with potential vaccinees
and their parents. Given that public understanding of infectious
disease and of theimmune system can be limited and is some-
times erroneous, and that confusion of causality and temporal
association occurs all too frequently, public education regard-
ing the need for and the efficacy and safety of vaccinesis vita
to global public health. Recent exampl es of the concerns
surrounding the use of the hepatitis B vaccinein France (39, 40,
41) and the MMR vaccinein the United Kingdom (42) demon-
strate that public health programs must improve their capacities
to communicate more clearly and effectively to the public about
the benefits and risks of vaccination. Although investigation of
these concerns showed little or no evidence of any adverse
consequences of the vaccines in question, the extensive
publicity that the concerns received had major negative effects

on immunization programs. Re-emergence of serious diseases
following lowered levels of vaccine coverage has been seenin
several countries (43) and may be on the horizon again if more
effective means of communicating with the public about the
importance and value of vaccination are not developed and
implemented.
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OVERVIEW

Over the past 20 years, vaccine risk communication has evolved
from nearly nonexistent to becoming an integral part of immuni-
zation practice today. There are severa reasons for this; some
obvious, others less so. Advances in medicine and biotechnol-
ogy have led to public debate over the imprecise nature of
health risks. Thetask of informing the public about these risks
is made difficult by limited understanding of what are often rare
adverse effects. With immunization, the seeming disappearance
of many infectious diseases has paradoxically created a height-
ened perception of vaccine risk and uncertainty. The challenge
to effectively communicate vaccine risks and benefits has
increased accordingly. With the Internet and itslimitless
opportunitiesfor information (and misinformation) comesthe
need for even more effective techniques and strategies for
effectively communicating vaccine risks and benefits. Building
on insights from research on health and environmental risk
perception, communication, and decision making, vaccinerisk
communicators are devel oping validated empirical approaches
to the design and evaluation of risk communication, and acadre
of researchers and new institutional structures to assist in these
efforts. This article reviews the changing vaccine benefit/risk
paradigm,; factors affecting vaccine risk communication; and the
roles and influences of institutional development, government
regulation, and the media. It concludes with a discussion of the
current state of risk communication science and its relevance to
future vaccine communication design and content. A timeline
reflecting events over the past two decadesis shown in Table 1,
and alist of vaccine risk communication resourcesis provided
inTable2.

BACKGROUND

Concerns about vaccinerisk originated in the late 1700s when
smallpox vaccinewasintroduced, followed by similar contro-
versy over rabiesvaccination nearly 100 yearslater. Astime
passed, the life-saving benefits of vaccines spoke volumes,
making acceptablethe relatively infrequent, albeit serious,
reactions associated with each vaccine. Polio eradication
campaigns of the mid-20th century were proof of the need for,
and public trust and faith in, vaccines. However, by the 1970s,
unquestioned acceptance of vaccination was changing in
Western Europe and Japan. With pertussis disease at low levels,
attention began to focus on the adverse events (truly related or
not) that sometimesfollow immunization. Consumer movements
guestioning the safety and efficacy of whole-cell pertussis
vaccine eventually led to diminished or discontinued use, and
resurgence of epidemic disease.

America swake-up call camein 1982 with theairing of the
controversial Emmy-winning program “ DTP: Vaccine Roul ette.”
Showing images of severely impaired children and suggesting
that serious reactions to diphtheria and tetanus toxoids and
whole-cell pertussis (DTP) vaccinewere asfrequent as1in 700
infants, the show (and its derivatives) generated great concern
among parents. Standard resources like the American Academy
of Pediatrics (AAP) Committee on Infectious Diseases Redbook
and Important Information Statements from the Centersfor
Disease Control and Prevention (CDC) wereill equipped to
answer the program'’s allegations, inquiries having to do with
Japan’s use of asafer aternative (i.e., acellular pertussis
vaccine), or Stateimmunization laws. Other than the popul ar
“parenting manuals,” there waslittleinformation on vaccinesfor
parents. Consumer support groups began appearing in part to
fill thisinformation gap. Perspectivesonimmunization were
changing, and not just for the short term.

Sources

Centersfor Disease Control and Prevention. (1978). Important
information statements on diphtheria, tetanus, and pertussis
vaccines.

Committee on Infectious Diseases. (1982). Report of the Commit-
tee on Infectious Diseases. American Academy of Pediatrics.

Freed, G L.,Katz, S.L., & Clark, S. J. (1996). Safety of vaccina-
tions: MissAmerica, the mediaand public health. Journal of the
American Medical Association, 276, 1869-1872.

Gangarosa, E. J., Galezka, A. M., Wolfe, C. R., et al. (1998). Impact
of anti-vaccine movements on pertussis control: The untold
story. Lancet, 351, 356-361.

Plotkin, S. L., & Plotkin, S. A. (1999). A short history of vaccina
tion.InS. A. Plotkin & W. A. Orenstein (Eds.), Vaccines (3rd ed.,
pp. 1-12). Philadelphia: W. B. Saunders Co.

Thompson, L., & Nuédll, D. (1982). DTP: Vaccineroulette[video
recording]. Washington, DC: WRC-TV (NBC).

SHIFT IN VACCINE Risk-BENEFIT
PERCEPTION

After the introduction of acellular pertussis vaccinein Japan,
Europe, and more recently the United States, controversy over
the use of DTP vaccine waned. Its genesis, however, isrelevant
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for present-day vaccine safety concerns. The success of
vaccination has produced generations of parents, and physi-
cians, with little or no first-hand experience of vaccine-prevent-
able disease. With benefits apparently assured, adverse events
foll owing immuni zation—particul arly of unknown cause—attract
increased attention from cautious parents. It is only natural to
concludethat events closely following immunization are
causally related, whether or not they are. Temporal associationis
especially compelling when alternative explanations are lacking
and parents are told the condition is idiopathic. Those who turn
to science for help or reassurance often find adisturbing lack of
data. Even when thereis scientific evidence, disagreement by
experts over its meaning can confuse those looking for answers.
Addressing all of this effectively requires an understanding of
how individual s assess and make decisions about vaccine risks,
including whom and what influences these decisions.

Sources

Evans, G, Bostrom, A., Johnston, R. B., Fisher, B. L., & Stoto, M.
A. (Eds.). (1997). Risk communication and vaccination:
Workshop summary. Washington, DC: National Academy Press.

Howson, C. P, Howe, C. J., & Fineberg, H. V. (Eds.). (1991).
Adver se effects of pertussis and rubella vaccines. Institute of
Medicine. Washington, DC: National Academy Press.

EXTERNAL FACTORSAFFECTING
VAccINE Risk COMMUNICATION

Parental decisions about vaccination areinfluenced by external
factors(i.e., medical, sociopolitical) aswell as personal factors.
Theincreasing popularity of alternative health options affects
vaccine decisions. In one survey, parents cited homeopathy and
its benefits of natural immunity asthe most common reason for
immunization refusal, although at least one group of homeo-
pathic practitioners denies it is “ anti-vaccination.” Inconsistent
viewpoints on immunization are also reflected in asurvey of
chiropractors that found a third agreeing with the statement that
there is no scientific proof that immunization prevents disease.

Vaccine decisionsinvolve ethical considerations aswell.
Because the decision not to vaccinate increases the risk to the
community aswell asthe individual, the duty of society to
protect healthy (and susceptible) children may conflict with the
right of familiesto make health decisionsfor their children. The
presence of State immunization lawsfor school (and daycare)
entry hasled to a polarized debate on individual rights and civil
liberties. Few issues have raised as much controversy. In 1999,
consumer effortsin 15 Statesled to draft legislation to either
rescind mandates or provide exemptions based on philosophical
grounds. Compul sory immunization al so complicatesrisk
communication since messages regarding mandated vaccination
may be perceived differently from those about voluntary
vaccination. Information needed for informed decisionmaking

takes on greater urgency when decisions are involuntary,
causing consumers to question the adequacy of vaccine
adverse event reporting and long-term studies of vaccine saf ety
and efficacy. Moreover, immunization mandates areinconsistent
with the voluntary decisionmaking, an inherent principle of
informed consent.

Beyond individual autonomy and informed consent istrust, a
key determinant in risk decisions. Health communicationisonly
effective when its recipients view the source as credible and
impartial, whichin part explainswhy conflict of interest inquiries
have become so common. If thereis even a perception of a
conflict of interest, messages can leave peopl e suspicious or
confused and lead some to turn to less authoritative sources.
Thetrust placed in authority derives from the perception that
the authority shares public values. One way of achieving thisis
toinvolvethe publicin policy formulation. Trust may be lost
when decisions are made behind closed doors and unexpected
harm results. Recent examplesinclude the French Government’s
handling of possible humanimmunodeficiency virus (HIV)
contamination of the blood supply, and the experience of bovine
spongiform encephal opathy (BSE) contamination of meat inthe
United Kingdom, both of which resulted in deaths after the
public was reassured about potential risk.

Dialogue and decisionmaking partnerships can bridge gaps and
forge better understanding. Nothing is assured, however, by
being informativeor inclusive. Asa 1989 hallmark National
Research Council report points out, informing the public may
not reduce conflict at all, but actually sharpenit. Yet, aswas
stated in an Institute of Medicine (IOM) workshop on risk
communication, “[P]oliticsisabout decision making inthe
absence of completeinformation,” whichis nearly alwaysthe
case with technological hazards. Only by understanding how
people view certain risks and what is acceptable can efforts to
promote behavioral outcomes be successful. Public discussions
on smallpox vaccine policy that took placein 2002 are one
example of participatory decisionmaking.

Sources

Altman, L. K. (2002, June 6). Preventive smallpox vaccinations
urged for health workers. New York Times. http://
www.nytimes.com/2002/06/07/heath/O7SMAL .html.

Colley, F.,, & Haas, M. (1994). Attitudes onimmunization: A
survey of American chiropractors. Journal of Manipulative and
Physiological Therapeutics, 17, 584-590.

Evans, G, Bostrom, A., Johnston, R. B., Fisher, B. L., & Stoto, M.
A. (Eds.). (1997). Risk communication and vaccination:
Workshop summary. Washington, DC: National Academy Press.

Feudtner, C., & Marcuse, E. K. (2001). Ethicsand immunization
policy: Promoting dialogue to sustain consensus. Pediatrics,
107(5), 1158-1164.
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Fisher, P. (1990). Enough nonsence on immunization. British
Medical Journal, 79, 198-200.

National Research Council. (1989). Improving risk communica-
tion. Washington, DC: National Academy Press.

Simpson, N., Lenton, S., & Randall, R. (1995). Parental refusal to
have children immunised: Extent and reasons. British Medical
Journal, 310, 227.

PERSONAL FACTORSAFFECTING
VAccINE Risk COMMUNICATION

No matter how well intentioned or well designed arisk message
may be, individual risk perception and decisionmaking haveto
be taken into account if the communication isto be effective.
Individuals tend to use heuristics, or shortcuts, in thinking
about otherwise complex issues of risk. Among those related to
immuni zation are bandwagoning, which isthe tendency for
parentsto vaccinate if “everyone elseisdoingit” without fully
evaluating the options themselves; altruism, when individuals
arewilling to accept personal risk if society asawholewill
benefit (i.e., herdimmunity); and lesscommonly, freeloading
logic, which relies on high vaccination rates and herd immunity
to protect an unvaccinated child. Vaccine decisions also can be
influenced by cognitive biases. Omission bias, or the perception
that actions are riskier than inactions, operates on the premise
that vaccination, because it involvestaking an action, isriskier
than disease, even if the expected mortality and morbidity rates
arelower with the vaccine.

Social and cognitive factors also influence consumers’ and
providers' vaccinerisk perceptionsand decisionmaking.
Individuals perceiverisk based on their experiences, attitudes,
education, beliefs, values, and culture aswell as the nature of
the risk. Some risks are more acceptabl e to parents than others.
For example, risksthat are voluntary and controllable tend to be
more acceptable than involuntary risks, an issue that comes into
play with mandatory immunization. Risks may be perceived
differently depending on how they are framed, as people tend to
avoid sure losses, but prefer certain benefits to equivalent
uncertain benefits. It follows that parents who view vaccines as
risky may choose to vaccinate only when they perceive a high
threat of disease. Others who view vaccines as generally safe
may be more likely to vaccinate in response to messages
emphasizing the benefits of immunization rather than the risks of
disease.

Whilethereisafairly limited (but growing) body of empirical
evidence on vaccine risk perceptions and the demand for risk
communication, the available data show that parents generally
want to have relevant and practical information on vaccine risks,
including mention of rare, serious risksthat may occur. They
have basic questions—and sometimes serious concerns—about
side effects, such as what to expect, when to expect it, how

severeit will be, what to do (if anything), and when to call the
doctor.

Sources

Asch,D.A., Baron, J., Hershey, J. C., et a. (1994). Omission bias
and pertussis vaccination. Medical Decision Making, 14, 118-
123

Bal,L.K., Evans, G, & Bostrom, A. (1998). Risky business:
Challengesin vaccinerisk communication. Pediatrics, 101(3),
453-458.

Davis, T. C., Fredrickson, D. D.,Arnold, C. L., eta. (2001).
Childhood vaccinerisk/benefit communication in private
practice office settings: A national survey. Pediatrics, 107(2).

Fischhoff, B., Bostrom, A., & Quadrel, M. J. (1993). Risk percep-
tion and communication. Annual Review of Public Health, 14,
183-203.

Fitzgerald, T. M., & Glotzer, D. E. (1995). Vaccineinformation
pamphlets. More information than parents want? Pediatrics,
95(3), 331-334.

Gellen, B. G, Maibach, E.W., & Marcusg, E. K. (2000). Do
parents understand immunizations? A national telephone survey.
Pediatrics, 106(5), 1097-1102.

Slovic, P. (1987). Perceptions of risk. Science, 236, 280-285.

Tversky, A., & Kahneman, D. (1981). Theframing of decisions
and the psychology of choice. Science, 211, 453- 458.

THE RoLE oF CONSUMERS

Consumers, in an advocacy or watchdog role, have significantly
influenced immunization policy. Working with the mediaand
policymakers, consumer groups successfully pursued a number
of safety initiativesin the early 1980s, including: 1) Expanded
research on vaccine adverse events, 2) a national adverse event
surveillance system, 3) dedicated parent information materials,
and 4) a safer alternative to the whole-cell pertussis vaccine.
Starting with enactment of the National Childhood Vaccine
Injury Act of 1986 (NCVIA), each affected theform and content
of vaccinerisk communication, and all werein place by themid-
1990s. Changing from thelive oral poliovirus (OPV) vaccineto
the“safer” inactivated poliovirus (IPV) vaccine product was
also related to efforts by a polio consumer group opposed to
further use of OPV.

Against this backdrop of activism are repeated surveys showing
that the vast majority of parents believein immunization and
follow State mandates and their physician’s recommendations.
Yet, concerns about vaccine safety have grown over time,
increasing attention on vaccine risk communication.

60



The Jordan Report

The popularization of the Internet has brought the reality of
mass communication to peopl €’ s fingerti ps through using email,
browsing the World Wide Web, participating in LISTSERV
discussion groups, or posting to Web pages or Internet chat
rooms or bulletin boards. Recent surveys show that two-thirds
of Americans are now online, and of the 80 percent who useit
for decisions on health, just more than half find the information
credible. Thereisvirtually no limit to theinformation (and
misinformation) that is easily accessible to laypersons and
professionals.

A first-time parent entering the word “vaccineg” on a standard
Internet search engine (e.g., Google, Yahoo, Excite) will find an
overwhelming number of linksto Web sites, many of which are
hosted by consumer groups. The Web sites belonging to
consumer groups or individual s provide awide variety of
information. A few offer linksto peer-reviewed journals, govern-
ment Web sites, and pro-vaccine institutions. These Web sites
also may present anecdotal information and misconceptions
about vaccines or vaccination. These range from the linkage of
vaccines to specific idiopathic illnesses [e.g., sudden infant
death syndrome (SIDS), diabetes], to the value of aternative
medicine, the dangers of immunization-related immune overload,
and allegations of collusion between government and industry
with profit motives as the basis for decisions on immunization
policy and the withhol ding of vaccine safety information.
Adding to the potential confusion is the lack of consistency
across such Web sites, which leaves readers who do not have
access to scientific method and peer review with no clear means
of vaccine benefit-risk assessment or validation.

In the mid-nineties, public health officials became concerned
about their relative absence on the increasingly active Internet,
where the available vaccine information was dominated by
consumer groups. Concerted efforts to maintain abalance
contributed to increased and improved government and private
vaccine-related Web sites. The Web sites of Federal health
agencies and allied nongovernmental organizations usually
contain peer-reviewed information on current safety issues,
policy statements, vaccine use recommendations, and links to
complementary Web sites. Their readersare generally |eft with
the impression that the benefits of vaccination outweigh the
risks.
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THE RoLE oF HEALTHCARE PROVIDERS

Despite the advent of the Internet, individual providers still
determine, to agreat extent, whether achild isimmunized. A large
majority of parents continue to trust and rely on their physicians
for vaccine communication and decisions. Parents desire verbal
input by their primary providers as amatter of trust and respect.
However, arecent national study found that physicians rarely
initiate discussion of vaccine risks and benefits, leaving it to
office nurses or support staff; 40 percent of physicians do not
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discuss vaccinerisks at all. This raises the question of who is
informing parental consent since physicians have the responsi-
bility of ensuring that patients are adequately informed about
risks and benefits prior to any medical intervention.

Healthcare providers report the greatest barriersto effective risk
communication arethelack of time, given the significant number
of anticipatory guidance issues to be covered on most well-baby
visits, and the increasing financial pressures of office practice.
This situation is aggravated by inadequate reimbursement for
immunization services, and the fact that patient education is not
viewed ashillabletime. Generally, providersthink they know
what parents need to know, and communicate thisinformation,
except that half the time they do not review contraindicationsto
vaccination. About a quarter of physicians who do not routinely
discuss vaccine risks and benefits fedl that were they to do so,
parents might be alarmed or even refuseimmunization. For
others, the reluctance may be due to insufficient knowledge of
current vaccine issues and practice or inadequate insight into
how to deal with the concerns of a parent who questions or
even refusesimmunization.

Further, physicians' beliefs—including misconceptions—about
vaccinerisks and efficacy and their interactions with parents
influencetheir behavior. Some physiciansbelieve that multiple
injections should be avoided due to potential psychological and
physical trauma, choose not to administer live-virus vaccines to
children with minor acuteillnessand low-grade fever, or are
unaware of or ill informed about liability protections under the
National Vaccine Injury Compensation Program (VICP).
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THE RoLE oF THE MEDIA

Themediahas greatly influenced vaccine risk communication
over the past two decades. Following “ DTP: Vaccine Roulette,”
continued stories about DTP vaccine safety in the electronic
and print medialikely contributed to avaccineliability crisisby
1984, with shortages and pricing instability remedied only by
passage of NCVIA.

Thelatter half of the 1990s brought more and more complex
media focus on vaccine safety issues, judging by callsto CDC's
National Immunization Hotline through 2000. Somewere
generated by research published in the United States (rotavirus
vaccine and intussusception) and the United Kingdom (measles
vaccine, inflammatory bowel disease, and autism); others by
government-related vaccine safety activities (Thimerosal in
Vaccines: A Joint Satement of the American Academy of
Pediatrics and the U.S Public Health Service), or in the case of
hepatitis B vaccine, achange inimmunization policy by the
French Government. Despite being featured on national or cable
news magazine programsor in prominent storiesin major
magazines (Time, Consumer Reports) and newspapers (USA
Today), followup mediainterest appeared limited. In contrast, a
search on “vaccine” and “risk” inthe New York Times archives
from 1996 through mid-July 2002 produced more than 300
articles.

Questions of mediaresponsihility usually follow major stories
on healthrisk. All parties are rarely satisfied. While the vast
majority of vaccine stories mention benefits, when something
happens, the downsides are emphasized. Reporting vaccine risk
isespecially challenging given that images overwhelm words
and that the relevant scientific concepts are hard to simplify.
Providing viewpoints on both sides of an emerging vaccine
issueisimperative; investigating the credibility of sources
should be aswell. At the sametime, evenly balanced stories may
leave readers confused as to what to believe. Media experts say
that one problem is the use of the word “safe” by those wishing
to reassure the public. This may actually be doing the opposite
since no medicine or biologic is completely safe. They suggest
the alternatives “relatively safe” or “as safe as possible,” which
warrant empirical testing. Risk communicators emphasizethe
need to be frank about all risks and uncertainties, including data
gaps and areas of significant disagreement among experts. To
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not do so imperilsthetrust and credibility of future communica-
tion efforts. To do so leaves the challenge of how to convey the
relative magnitudes of competing risks understandably and not
magnify small uncertaintieswhere thereis significant consen-
sus.

The advent of the Internet has also transformed the ability of
organized mediato communicate, providing new forms of access
to print and audiovisual material. It remainsto be seen how
Internet usewill ultimately affect or incorporate other media.
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THE RoLE oF GOVERNMENT

NCVIA not only brought the Federal Government into amore
prominent vaccine safety and risk communicationrole, it greatly
enhanced information on vaccine risks and benefits. Key
provisions included creation of the Vaccine Adverse Event
Reporting System (VAERS), which began operationin 1990 asa
national passive surveillance system for the reporting of adverse
eventsfollowing immunization; acall for IOM studies of adverse
events from childhood vaccines, published in 1991 and 1994;

and the devel opment of vaccineinformation materials, currently
known asVaccine Information Statements (V1Ss).

Two major programs, VI1CPand the National VVaccine Program,
were created by NCVIA. VICPisano-fault system to compen-
sate families of children, or individuals, thought to be injured
from childhood vaccines. Itsvery existenceimpliesrisk, espe-
cialy when the numbers of families (or individuals) compensated
(morethan 1,500) and overall awards (morethan $1 billion) are
reported in the media or on the Internet. At the sametime, VICP
staff and outside medical consultant analysis of medical records
submitted with claims has led to a better understanding of the
very limited role vaccines play in chronic illnesses thought to be
vaccinerelated. The Advisory Commission on Childhood
Vaccines (ACCV), which is composed of parents, physicians,
and attorneysin equal numbers, oversees operation of VICP.

The National Vaccine Program Office (NVPO) coordinates and
integratesall Federal agency activitiesrelated to immunization
(Table 2). Working with its advisory body, the National Vaccine
Advisory Committee (NVAC), and through specia needs
funding, NV PO has sponsored a number of projects and
workshopsrelating to communi cation. One noteworthy example
was apublic workshop in October 2000 to identify more effective
approaches to vaccine risk communication.

Each Federal agency contributes to communication efforts. On
its Web site, the Food and Drug Administration (FDA) through
the Centersfor Biologics Evaluation and Research (CBER)
provides information for health professionals and consumers on
regulatory activities that ensure the safety and efficacy of
vaccines. FDA also shares management of VAERSwith CDC and
provides reporting forms and research results online and
accepts VAERS reportsonline.

The National Institute of Allergy and Infectious Diseases

(NIAID) isthe major source of support for vaccine research. In
addition to the Jordan Report, a brochure on vaccine devel op-
ment process and testing, called Understanding Vaccines, and
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the Task Force Report on Safer Childhood Vaccines can be
accessed at the NIAID Web site. Among the latter’s major
recommendationsis ablueprint for educating the public and
health professionals on vaccine benefit and risk.

CDC'simmuni zation efforts are through the National |mmuniza-
tion Program (NIP) and the National Center for Infectious
Disease (NCID). Thelatter isresponsiblefor laboratory and
clinical research on vaccines. NIP coordinates and promotes
immuni zati on activities nationwide and monitors vaccine saf ety
and efficacy. Through written materials, videotapes, the National
Immuni zation Hotline, and aWeb site, NI P providesinformation
on vaccine benefit and risk to healthcare providers, the genera
public, and the media. CDC through NIPisalso responsiblefor
developing and updating V1Ss using a process of public
comment (including review by ACCV).

VISs are 1-page, 2-sided sheets written at the fifth- to seventh-
grade level designed to facilitate, not replace, provider-patient
communication. Providersare required to distribute them each
time avaccine covered by VICP is administered. Studies show
VISreading level istoo high for some and overly simplistic and
incompletefor others. Compliance with the distribution require-
ments has been questionable, with one self-reporting survey
showing that about athird of physicians do not have VISsin
their offices, and a somewhat greater percentage do not give out
aVISat every visit.
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THE RoLE oF NONGOVERNMENTAL
ORGANIZATIONS

Professional associations, academic institutions, and consumer
groups comprise agrowing list of nongovernmental organiza-
tions (NGOs) contributing to vaccine risk communication,
mostly viathe Internet. Target audiences for the most part are
health professionals and the public; others list the mediaand
policymakers. |n addition, some organi zations have devel oped
communication resource materials, likethe National Network for
Immunization Information or the Immunization Action Coalition,
which provides downloadabl e versions of the VISsin more than
two dozen languages.

In their capacity as a credible independent scientific institution,
IOM'’s reports on adverse events have helped channel discus-
sion and debate on anumber of complex and controversial
vaccine policy issues. Information from IOM reports, for
example, isused in development of VISs, modificationsto the
VaccineInjury Table, and formulation of vaccine recommenda-
tionsby CDC and AAP. Through the National Academy of
Sciences Web site, more than adozen IOM reports and work-
shop summaries on vaccine topics can be read or downloaded.

In 1999, near-simultaneous publicity over rotavirus vaccine and
intussusception and the issue of thimerosal in vaccines raised
concern that the public might be starting to doubt the safety of
vaccines. To help regain any loss of confidence, CDC and
NIAID contracted with IOM to perform independent, expedited
scientific reviews of current and emerging vaccine saf ety
hypotheses. In an extraordinary attempt to eliminate potential
conflict of interest, membership on the new Immunization Saf ety
Review Committee waslimited to scientistswithout financial ties
to industry, previous service on major vaccine advisory commit-
tees, or prior expert testimony or publications on issues of
vaccine safety. The committee's charge went beyond past
efforts of providing a plausibility assessment (biologic plausibil-
ity and causality) to include a significance assessment looking
at the burden of disease, the potential vaccine adverse event,
and the level of public concern; apublic health response
assessment of the need for areview of current policy and
suggestions for future research; and an analysis of communica
tions and, if relevant, general and crosscutting issues.
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IOM held public workshops on each topic, working on a 60- to
90-day completion schedule. Four reports had been issued by
the summer of 2002, covering purported associations between
measl es-mumps-rubella(MMR) vaccine and autism, thimerosal-
containing vaccines and neurodevelopmental disorders, multiple
immunizations and immune system dysfunction, and hepatitis B
vaccine and neurological disorders. None of them found proven
evidence for any of the vaccine safety hypotheses, although the
committee, for example, was unableto concludefromthe
available evidence whether or not thimerosal causes certain
neurodevelopmental disorders, and supported use of thimerosal-
free vaccines. The reports seem to have helped reduce some of
the public uncertainty about vaccine safety.

Regarding communication, |OM found barrierswhilelooking for
parent materials on government Web sitesin terms of the
organization and availability of information on specific topics, as
well asthe wording in some of the safety narratives. The
committee also pointed to the lack of research onindividual
vaccinerisk perception and decisionmaking, recommending to
the government a comprehensive research agendafor knowl-
edge leading to better design and evaluation of risk communica-
tion approaches. One report pointed out the lack of discussion
of ethical issues, such as providing enough information on the
more rarely occurring risksfor parentsliving in Stateswith
compulsory immunization.
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THE RoLE oF VAaccINE COMPANIES

Vaccine compani es communicate product information viawritten
materials and their Web sites. Many companies and biotech
firms promote immunization through the National Partnership for
Immunization. However, the primary risk communication tool for
industry remains the manufacturer’s vaccine package insert.
While inserts are included in the shipments to offices or
pharmacies, they are probably easiest to access by reading the
Physicians Desk Reference or going online to the company Web
site. The inserts include statements on efficacy,
contraindications, warnings, precautions, and adverse events
associated with the use of the vaccine. Package inserts are
regulated by the FDA, which determines the type of information
that must be included and reviews and approves each package
insert prior to marketing and whenever changes are made.
Frequently, the list of adverse events associated with the
vaccine includes a number of events generally thought not to be
related but which areincluded for legal (liability) reasons. The
contraindications or precautions that are listed may also differ
from those of the major recommending bodies: CDC’sAdvisory
Committee on Immunization Practices (ACIP) and AAP. These
differences, plusthe poor readability dueto small font size, make
current package inserts an understandably limited resource.
Recent revisions to the requirements for package inserts may
help address some of these limitations.
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Risk COMMUNICATION SCIENCE AND
V ACCINES

Over the last several decades, government and industry efforts
to reassure the public about a number of technological and
environmental hazards (e.g., nuclear power plants, toxic waste
sites, indoor radon) have sometimes provoked unanticipated
responses. Risk communication research has developed to
predict and support risk management behaviors. It hasinterdis-
ciplinary rootsin cognitive and social psychology, behavioral
decision theory, risk assessment and management, and commu-
nications.

Vaccinerisk communication research isrelatively new, butis
rapidly acquiring its own profile. A PubMed search in mid-July
2002, showed 73 publications on “vaccine risk communication”
in the last two decades, of which aimost half were published in
thelast 5 years. While it shares features with technological and
environmental risk communicationsaimed at supporting
informed decisionmaking as a public health concern, vaccinerisk
communication is also often treated as an issue of how to
achieve effective advocacy. A mental modelsapproach (i.e.,
ascertaining peopl€e's understanding of arisk) to risk communi-
cation starts with the fact that peopleinterpret information
based on what they aready know, that this must be assessed
empirically, and that empirical evaluation of communicationsis
also essential. Other approaches are concerned with catching
readers’ attention, increasing their belief in their ability to control
(disease) risk effectively (with vaccination), or, asinfear
appeals, changing their affective responsesto arisk.

Vaccine messages based on mental models and other empirical
methods are in the early stages of development. Building on
insights from other domains, vaccine risk communicatorsare
developing validated empirical approaches to the design and
evaluation of risk communication, and a cadre of researchers and
new institutional structures to assist in these efforts.

Recent risk communi cation research hasfocused on: 1) examin-
ing therole of trust in institutions and sources of risk communi-
cations, and in particular how value similarity affectsrisk
communication; 2) gaining a better understanding of mental
models of risksand their rolesin risk communication; 3) examin-
ing how emotions and affect influence risk perception and

communication; and 4) integrating social psychological theories
of persuasion and message processing in risk communication.
Vaccinerisk communication research isunderway in at least the
first two of these four areas.
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FuTure CHALLENGES

Asthe 20-year timeline (Table 1) shows, thetrend istoward more
vaccine policy events and more related communication activities
and challenges. Recent and imminent changesin the political

and institutional realities of public health, technological ad-
vancesin communication, and molecular biology and immunol -
ogy arelikely to play asignificant rolein determining future
investmentsin vaccinerisk perception and communication
research and practice.

For government agencies, new and better methods of communi-
cation through a comprehensive research strategy were outlined
inthe 2000 NV PO Workshop on Vaccine Risk Communication
and morerecent IOM Immunization Safety Review Committee
reports. Gaining knowledge in the design and eval uation of
vaccinerisk-benefit communication approacheswill enable more
effective ways of communicating emerging vaccine saf ety
hypotheses, changes in vaccine policy, and the uncertainty over
gapsininformation. Other needs include more user-friendly Web
sites, and low-literacy and higher level communication materials
that are understandable and appropriate (i.e., not judgmental or
prescriptive). The“onesizefitsall” approach for VISsclearly

has limited usefulness.

Perhaps the greatest challenge for government is to establish
and maintain trust with the “organized” public (i.e., interested
parents or parents of children thought harmed by vaccines), as
well as parentsin general. Only through dialogue can there be a
better understanding and appreciation of viewpoints and
misconceptions on both sides. Efforts to gather immunization
stakeholders for face-to-face discussions, which began in 1995
with the |OM Vaccine Safety Forum, were being pursued once
again in 2002 through a CDC/NV PO-sponsored project called the
Vaccine Collaborative. In 2002, CDC added aconsumer represen-
tative to ACIPto be consistent with FDA’s Vaccines and Related
Biological ProductsAdvisory Committee (VRBPAC) and NVAC.
While vaccine activists are the visible, vocal public, no less
important are the views and values of the general public.
Accessing these views on immunization risk has not been

routinely attempted up to this point. Only through shared
decisionmaking can the interest of the public be best served.

Unfortunately, funding for communication research and related
outreach effortsis anything but certain. In aclimate of compet-
ing health priorities and limited budgets, argumentsfor proactive
measures on risk communication, although sound in principle,
do not appear as compelling when vaccine saf ety issues
regularly draw media attention and concern. Philanthropic
foundations have funded vaccine registries and communication
effortsin the past, and perhaps will be aviable option for future
communications research and collaborative efforts with the
public.

Another challenge isthe elimination of barriers and promotion of
effective risk communication by healthcare professionals.
Generally, providers should be informed about vaccine-prevent-
able disease, safety issues, and the practice and ethics of
informing parents about vaccine risks and benefits. Today,
providers should expect that some parents will question the
need for or safety of vaccination, refuse certain vaccines, or
even rgject all immunizationsfor their child. The best approachis
empathetic vaccine risk communication, which isessential in
responding to misinformation and concerns that parents may
have encountered on the Internet or have heard elsewhere.
Some vaccines may be acceptable to the resistant parent.
Concerns may be addressed by avariety of materials now
available. If not, parents should be advised of State laws
pertaining to school or childcare entry, which may require that
unimmunized children stay homefrom school during outbreaks.
Documenting such discussions in the patient’s record is
important, and even having a parent sign an “informed refusal”
document may help to reduce any potential liability should a
vaccine-preventable disease occur in the unimmunized patient.
Above all, patients should not be excluded from a practice;
parental questioning or refusal of avaccine does not necessarily
mean a parent does not trust the provider and will dismiss other
health advice and guidance.

Eventsin thelast year illustrate the potential for the unantici-
pated to drive vaccine risk perceptions and communications:
Anthrax attacks, heightened concerns about smallpox and
bioterrorism, new vaccine policy recommendations, increased
research and publication on vaccine perception and communica-
tion, and shortages of many routine childhood and adult
vaccines. Vaccine risk communicators have found themselves
with more than ever to do. With sufficient resources, they
should be able to marshal the advances of the past two decades
to address these challenges and to improve immunization
programs and policies.
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Table1: Timeineof VaccineRisk and Risk Communication Events, 1982-2002

1982:

1984

“DTP: Vaccine Roulette” excerptsaired on The Today
Show

Parent consumer group Dissatisfied Parents Together
(DPT) formed

Morbidity and Mortality Weekly Report (MMWR)
notice calling for rationing of DTP vaccine supplies
duetoliability crisis

DTP: A Shot in the Dark (Coulter and Fisher)
published
Phil Donahue Show on DTP vaccine safety

National Childhood Vaccine Injury Act signed into
law

National Vaccine Program Office created

DPT demonstration at Advisory Committee on
Immunization Practices (ACIP) meeting inAtlanta

National Vaccine Injury Compensation Program
(VICP) begins operation

National Research Council report: “Improving Risk
Communication”

Resurgence of measlesin preschool age children
Second dose of measles-mumps-rubella(MMR)
recommended by ACIP and the American Academy of
Pediatrics (AAP)

DPT changes nameto National Vaccine Information
Center

VaccineAdverse Event Reporting System (VAERS)
begins operation

Centersfor Disease Control and Prevention (CDC)/
National |mmunization Program (NIP) initiatesVaccine
Safety Datalink (VSD)

Ingtitute of Medicine (IOM) report “ Adverse Effects
of Pertussis and Rubella Vaccines’
ACIP/AAPrecommend acellular pertussisvaccinefor
the 4th and 5th dose

ACIP/AAP recommend routine use of hepatitis B
vaccine in infants

“Measles White Paper” on the measles epidemic
published in the Journal of the American Medical
Association (JAMA)

1992:

Childhood immunizationinitiativetarget of 90-percent
immuni zation coverage of 2-year- olds announced
NIPmoved to Office of the Director, CDC

Vaccine safety becomes distinct activity within NIP

*Standards for Pediatric |mmunization Practices’
published in MMWR and JAMA

IOM report entitled “ Adverse Events Associated with
Childhood Vaccines’

|OM report on the 10-year followup to the National
Childhood Encephal opathy Study of whole-cell
pertussis vaccine and long-term neurological effects
Vaccinesfor Children (VFC) program enacted
National Vaccine Plan is approved by the Secretary of
the Department of Health and Human Services
(DHHS)

Vaccine risk communication becomes distinct activity
withinNIP

Vaccine Risk Communication (VARICO) conference
calsstarted at CDC

|OM Vaccine Safety Forum Workshop on Vaccine
Risk Communication

“6 Common Misconceptions About Vaccines: And
How to Respond to Them”

CDC,NIP

Varicellaand hepatitisA vaccineslicensed
VICPfinal rule adding chronic arthritisfor rubella-
containing vaccines and removing shock-collapse
and residual seizure disorder for DTP vaccine on
Vaccinelnjury Table

ACIPrecommendsacellular pertussisvaccinefor
routine use in infants

“Vaccination: The Issue of Our Times’ in Mothering,
summer edition

Goal of 90-percent immunization ratesfor 2-year-olds
is achieved

Reverse transcriptase detected in live-attenuated
virus vaccines

Task Force on Safer Childhood Vaccinesreport is
approved by the Secretary, DHHS

Studies published showing evidence of simian virus
40 (SV40) inrare human tumors

CDC issues apology for errorsin obtaining informed
consent for E-Z measles vaccine studiesin Los
Angeles
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Tablel: Timdineof Vaccine Risk and Risk Communication Events, 1982-2002 (continued)

ACIPrecommends sequential inactivated poliovirus
(IPV)/ord poliovirus (OPV) vaccine schedule
Emerging Viruses: AIDSand Ebola: Nature, Accident
or Intention? (Horowitz) published

First International Conference on Vaccination held by
National Vaccine Information Center

Institute for Vaccine Safety established at Johns
HopkinsUniversity

Workshop on possible association between polio
vaccine-contaminated SV 40 and cancer

Food and Drug Administration (FDA) Modernization
Act (includes review/assessment of all mercury-
containing foods and drugs)

Lancet paper suggesting association between
measles vaccine and autism

Gannett News Service series on vaccine safety and
VICP

New England Journal of Medicine (NEJM) paper on
Guillain-Barre syndrome and influenzavaccines
Rotavirus vaccine licensed

Secretary of Defense orders anthrax vaccine use for
all activeduty military personnel

National Network for Immunization Information
established

Bill & Melinda Gates Foundation grant of $100 million
for global vaccination

“ A Shadow Fallson Hepatitis B Vaccination Efforts’
Science, July 31

French Government suspends middle school-based
hepatitis B immunization

[llinois Board of Health hearing on hepatitis B vaccine
and mandatory immunization

Massachusetts Public Health Council hearing on
varicellavaccine and mandatory immunization

Lyme disease vaccine licensed

ABC News program on hepatitis B vaccine on 20/20
Congressional hearings on vaccine safety in general,
hepatitis B and anthrax vaccines, vaccines and
autism, and improving VICP

Rotavirus vaccine use suspended, then withdrawn
from marketplace

Joint statement of AAP/Public Health Service on
thimerosal preservative in childhood vaccines
TheRiver ispublished, links OPV clinical trialsin
Africato acquired immunodeficiency syndrome
(AIDS) epidemic (Hooper)

ACIP broadens use recommendation for hepatitisA
vaccine making it routine use in those States where
diseaseis endemic

“Parents Fear Growing Number of Vaccines’ USA
Today, August 3

National VaccineAdvisory Committee workshop on
thimerosal

ABC News program on vaccine saf ety and mandatory
immunization on Nightline

CDC hirescommunication specialist to direct vaccine
risk communication efforts

ACIPrecommendsexclusive useof |PV
Congressional hearings on vaccine safety and autism
“Don’t Worry about Vaccinations” Parade magazine,
January 9

“When VaccinesDo Harmto Kids' Insight magazine,
February

ABC Evening News program: “ Vaccine Victims?”
(Lyme disease vaccine and adver se effects)

National Vaccine Program Office workshop on vaccine
risk communication

Pneumococcal conjugate vaccine licensed for routine
use

“To Vaccinate or Not to Vaccinate: Parents Worry
About Safety Which Worries Health Officials’ USA
Today, July 18

“Murder or Bad Vaccine?' Redbook, September
Allied Vaccine Group launches “Web ring” of four
Web sites for access to science-based information
Vaccine Education Center at the Children’sHospital of
Philadel phia established

Tetanus vaccine supply shortage begins—shortages
occur for other childhood and adult vaccines over
next 2 years

National Vaccine Program Officeworkshop on
rotavirus vaccines

ABC News program on MM R vaccine and autism on
20/20

NBC News program on MM R vaccine and autism on
Dateline

Congressiona hearings on vaccine safety and autism/
andtheVICP

“Vaccines: An Issue of Trust” Consumer Reports,
August

NEJM papers on hepatitis B vaccine and multiple
sclerosis

Brighton Collaboration established to define/
analyze adverse eventsfollowing immunization
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Tablel: Timeineof Vaccine Risk and Risk Communication Events, 1982-2002 (concluded)

Clinical Immunization Safety Assessment (CISA)
centers funded http://

www. partnersforimmuni zation.org/cisa.pdf)

Class action lawsuitsfiled in several Statesalleging
thimerosal-related injury

VAERS goes online for reporting of adverse events
9/11 attacksin New York, Washington, and
Pennsylvania

Anthrax bioterrorist attack—supplies of anthrax and
smallpox vaccineincreased

|OM reports on MM R vaccine and auti sm/thimerosal -
containing vaccines and neurodevel opmental
disorders are rel eased

2002:

Congressional hearings on autism and vaccine safety
National Vaccine Program Office workshop on vaccine
supply shortages

Lyme disease vaccine distribution is discontinued by
manufacturer

ACIPrecommendslimiting use of smallpox vaccineto
frontline response teams

|OM reports on multipleimmunizationsand immune
dysfunction/hepatitis B vaccine and demyelinating
neurological disorders are released

IOM report on anthrax vaccine released

Table2: Vaccine Risk Communication Resour ces

OrganizationsWeb sites

Government

National Vaccine Program Office, HHS (http://
www.cdc.gov/od/nvpo)

National |mmunization Program, CDC (http://
www.cdc.nip)

National Center for Infectious Disease (http://
www.cdc.gov/ncidod)

Centersfor Biologics Evaluation and Research, FDA
(http://www.fda.gov/cher)

National Institute for Allergy and Infectious Diseases
(http://Aww.niaid.nih.gov/dmid.vaccines).

National Vaccine Injury Compensation Program,
HRSA (http://www.hrsa.gov/osp/vicp)

Vaccine Adverse Event Reporting System (http://
Vaers.org)

Nongovernment

American Academy of Pediatrics (http://www.aap.org)
National Network for Immunization Information (http:/
Mww.immuni zati oninfo.org)

Allied Vaccine Group (http://www.vaccine.org)
Vaccine Education Center at the Children’s Hospital of
Philadel phia (http://www.vaccine.chop.edu)

Institute for Vaccine Safety at Johns Hopkins
University (www.vaccinesafety.edu)

Every Child by Two (www.echt.org)

National Coalition for Adult Immunization (http://
www.nfid.org/ncai)

Immunization Action Coalition (http://
WWW.immunize.org)

National Partnership for Immunization (http://
www.partnersforimmunization.org)

National Healthy Mothers, Healthy Babies Coalition
(http://www.hmhb.org)

National Foundation for Infectious Diseases (http://
www.nfid.org)

Infectious Diseases Society of America (http://
www.idsociety.org)

Pediatric Infectious Diseases Society of America
(http://www.pids.org)

Sabin Vaccine Institute (http://sabin.org)

All Kids Count (http://www.allkidscount.org)
Children’sVaccine Program at PATH (http://
childrensvaccine.org)

Global Alliancefor Vaccinesand Immunization (http:/
www.vaccinealliance.org)

World Health Organization (http://www.who.int/
vaccines-disease/saf ety/)

Brighton Collaboration (http://
brightoncollaboration.org).

Ingtitute of Medicine (http://www.nas.edu)

Institute of Medicine Vaccine Safety Review Commit-
tee (http://www.iom.edu/imsafety)

Consumer

Parents of Kids with Infectious Diseases
(PKids)(http://www.pkids.org/)

National Vaccine Information Center (NVIC) (http://
www.909shot.com),

Parents Requesting Open Vaccine Education (PROVE)
(http:/Ivaccineinfo.net)

Vaccine Information and Awareness (VIA) (http://
home.san.rr.com/via)
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Table2: VaccineRisk Communication Resour ces(concluded)

Books/Brochures

Parents Guide to Childhood |mmunizations. CDC/NIP
Web site

Sx Common Misconceptions about Vaccination and
How to Respond to Them: CDC/NIPWeb site

Epidemiology and Prevention of Vaccine-Preventable
Diseases(Pink Book): CDC/NIPWeb site

Guide to Contraindications to Childhood Vaccines:
CDCI/NIPWeb site

Vaccine I nfor mation Satements;. CDC/NIP & Immuniza-
tion Action Coalition Web sites

Understanding Vaccines: NIAID Web site

The Baby Shot Book: HRSA/National Vaccine Injury
Compensation Program (availablein 2003)

What Every Parent Should Know About Childhood
Immunization (1998) Paul A. Offit/ LouisM. Bell

The Consumers Guide to Childhood Vaccines (1997)
National Vaccine Information Center

The Immuni zation Resour ce Guide—4" edition (2000)
DianeRozario
Telephone

Immunization Hotline: 1-800-232-2522 for English;
1-800-232-0233 for Spanish

VaccineAdverse Event Reporting System (VAERS):
1-800-822-7967

National Vaccine Injury Compensation Program:
1-800-338-2382
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Economics of Vaccine Development and I mplementation: Changes

Over the Past 20 Years
Julie Milstien, Ph.D., and Brenda Candries, Ph.D.

| NTRODUCTION

Twenty years ago, vaccine developers were for the most part the
public-sector cousins of the pharmaceutical industry. Vaccines
inusein 1980 included Bacillus de Calmette-Guerin (BCG),
diphtheria and tetanus toxoids and whole-cell pertussis (DTP),
measles, and oral poliovirus (OPV), all of which had been onthe
market for more than a decade, and some for the better part of
half acentury. The Food and Drug Administration (FDA) had
overseen regulation of vaccinesin the United States for only 8
years. The vaccine industry in the United States was feeling the
impact of adverse reactions and potential liability issueswith
pertussis and swine flu vaccines, and prices for established
vaccineswereless than $1 to $3 per dose (see Table 1). Plasma-
derived hepatitis B vaccine was not yet licensed, and recombi-
nant products were still under development. The era of in-
creased major expansion of vaccine research and devel opment
support (1) wasjust beginning. Good manufacturing practice
(GMP) wasfar from an industry-wide concept.

Tablel: U.S. VaccinePrices—
1980 Ver sus 2000, U.S. $ per Dose*

Public | Private

Year/Product Sector | Sector
1980
Diphtheria and tetanus toxoids and 0.15 0.30
whole-cell pertussis (DTP)
Oral poliovirus (OPV) 0.35 1.60
Measles-mumps-rubella (MMR) 271 7.24
2000
Diphtheria and tetanus toxoids and 9.25 16.64
acellular pertussis (DTaP)
Inactivated poliovirus (IPV) 6.99 15.42
MMR 14.69 | 28.19
Varicella 3541 | 45.56

* B. Snyder, Centersfor Disease Control and Prevention,
personal communication, 2001

Today, with blockbuster products like Haemophilus influenzae
type b (Hib) and pneumococcal conjugate vaccines, vaccines
are big business. Vaccine selection has changed and prices are
now much higher (see Table 1); the new seven-vaent pneumo-
coccal vaccine Prevnar® costs $232 for afour-dose series (2).
The major vaccine producers are divisions of global pharmaceu-
tical houses. Annual vaccine sales have gone from about $2
billionin 1982 (3) to an estimated $5.4 hillion today (4). While
still only afraction of the $337.3 billion pharmaceutical market
(4), the vaccine market is projected to increase 12 percent per
year (2). This paper explores some of the major change areasin
the economics of vaccine development.

Cost COMPONENTS

The cost components of vaccine development include research
and development, production, and regulation, including clinical
trials. We have focused on patents relating to the development
of or access to a particular technology, on process standardiza-
tion and scale-up as an example of production costs, and on
clinical trials, licensing, and testing to highlight some of the cost
components of regulation.

I mpact of TRIPS

When Jonas Salk devel oped the first polio vaccine, he was
asked if heintended to patent it. Hereplied, “1t would be like
patenting the sun” (5). In the 1970s, many European countries
were not giving patents on pharmaceutical products. Today,
accessing intellectual property isamajor factor in the product
development cycle. However, for vaccines, it may not be an
important barrier. With the new vaccines against acellular
pertussis, hepatitis B recombinant, Hib conjugate, pneumococ-
cal conjugates, and rotavirus, only the first two had exclusive
licenses that limited access. The conjugation technology used
for Hib and pneumococcal vaccinesisin the public domain (6)
(although alternative conjugated products exist) while the
rotavirus vaccine technology, developed by the National
Institutes of Health and licensed solely to Wyeth, isunlikely to
be further devel oped.

DNA recombinant hepatitis B vaccineis produced in yeast or
mammalian cells using bioengineering technology. The British
firm Biogen obtained a broad patent covering all methods of
making the vaccine antigens using recombinant technol ogy.
Biogen granted licensesto Merck and SmithKline Beecham (now
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GlaxoSmithKline) who put the recombinant vaccine on the
market by the mid-1980sfor $30 to $40 per dose. By 1993, dueto
the competition from the plasma-derived vaccine, the price
decreased to only marginally above that of the plasma-derived
product—$1.25 to $2 per dose (7). Biogen started infringement
procedures against Medeva (now part of Powderject) who,
beginning in 1992, had wanted to market arecombinant DNA
vaccine, even though it was based on a different production
process. Following a counterclaim by Medeva, the House of
Lords, in 1996, revoked the patent on the basis of the
enablement provisions, which allow an attack on an overly
broad claim: “The court stated that to grant a monopoly to the
first person who has found away of achieving an obviously
desirable goal for every way of doing so would stifle further
research and healthy competition in the post grant phase” (8, 9).
While the price had come down significantly, accessto the
technology was still limited. By the mid-1990s the Biogen patent
expired in many parts of the world, and this factor, coupled with
the House of Lords' decision in 1996 to revoke the patent,
resulted in new manufacturers entering the market. By 1999, two
K orean manufacturers[KGCC (now Green CrossVaccine
Corporation) and L G Chem] were selling recombinant vaccines
on the global market, and prices decreased to below $1 per dose.
Currently, recombinant hepatitis B vaccine can be obtained by
international bulk procurement for under $0.30 per dose (10).
Thereareat least 10 manufacturers, 5 of which are prequalified
to make salesto United Nations agencies (11).

Another case study is that of the pertactin antigen of Bordetella
pertussis called P69. EvansMedical Limited (now part of
Powderject) asserted that their P69 patent, licensed exclusively
to SmithKline Beecham Biologicals, covered the pertactin
antigen in Chiron’s acellular pertussis vaccines. Inafinal
nonappeal able decision madein March 1998, the European
Patent Office Technical Board of Appeal revoked the Evans
patent (12). Thisdecision, applicable to most European coun-
tries, ended patent infringement litigation against Chironin the
United Kingdom, Italy, and the Netherlands and cleared the way
for sale of other acellular pertussis vaccines containing
pertactin.

The impact of patents on technology access will now spread to
most devel oping countries as they join the World Trade
Organization and thus agree to uphold the Agreement on Trade-
Related Aspects of Intellectual Property Rights (TRIPS), which
established minimum universal intellectual property standards. A
recent study (13) carefully analyzed the projected impact of
TRIPS on the pharmaceutical industry in Thailand. The study
did not reveal a price change due to the patent protection act in
Thailand, but proposed a number of proactive strategies to
avoid limitation of technology access and price rises.

Itisnot possibleto predict the full impact of TRIPS on vaccine
development costs. However, vaccine devel opment requires not
only the patentable technology, but also the know-how to

produce consistently a safe and effective biological product. It
is this dependence on know-how, not covered under TRIPS, that
may attenuate itsimpact.

Process Sandar dization and Validation

In 1980, GMP was just being introduced into vaccine produc-
tion. Today, investments in facilities, staff, and processes to
maintain GM P compliance aredriving production costsup (14).
Theever increasing “GMP spiral” demands more and more
investment. Each step of the production process must be
documented and validated. Vaccine manufacturers now contract
out parts of the process to contract manufacturers, particularly
production scale-up. A recent study carried out at the World
Health Organization (WHO) assessed 28 manufacturers capable
of performing under contract some part of the vaccine develop-
ment process (15).

Clinical Trials

Clinical trialshave become amajor expensein vaccine devel op-
ment. Following preclinical testing of aproduct, clinical trials of
increasingly larger size are performed to establish clinical
tolerance and acceptable safety, as well as to quantify immune
response and demonstrate protective efficacy (16). In parallel,
consistency of production must be demonstrated by showing
comparablelevelsof clinical responseto different vaccine
batches. Factors impacting trial conduct and thus the costs
include the characteristics of the study population, the power of
the trial needed to detect potential safety problems, the increas-
ing amount of documentation required to ensure that appropri-
ate quality assurance and ethical procedures are in place, and
the trend toward the use of contract research organizations
(CROs) to manage these aspects.

Traditionally, vaccines available on theinternationa market were
developed, produced, and authorized for marketing in industrial-
ized countries on the assumption that the data were applicable
to most infant populations, at least for the traditional vaccines.
For industrialized countries, this procedure seemed obvious and
appropriate. But populations are changing, and even homoge-
neous populations have groups that may respond differently.
Because of the potential differencesin safety, immunogenicity,
and efficacy among populations, safety and immunogenicity
data should be obtained using the candidate vaccine in the
specific population in which the efficacy trial will be performed
(17, 18). Thishasapplied, for exampl e, to pneumococcal 9- and
11-valent conjugate vaccines devel oped in the United States
and designed to benefit individuals in countries outside the
United States aswell as special high-risk groups (e.g., Eskimos
and Native Americans) (19). The potential globalization of
vaccines means that population characteristics must be even
more carefully considered in developing clinical trial protocoals.

A second factor impacting trial costs isthe number of subjects
needed to ensure sufficient power to demonstrate the potential
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safety and efficacy of the product. The story of RotaShield®, a
tetravalent rhesus-based recombinant rotavirus vaccine licensed
by the FDA on August 31, 1998, isillustrative. At that time,
clinical trialsincluded morethan 10,000 vaccinerecipients,
sufficient for demonstration of efficacy, but not enough to
demonstrate a statistically significant increase in intussuscep-
tion (20). TheAdvisory Committee on Immunization Practices of
the U.S. Centersfor Disease Control and Prevention (CDC)
recommended postlicensing surveillance for this adverse event
(21), and by June 1999, following distribution of 1.8 million doses
of vaccine (22), the CDC had noted increased reports of intus-
susception in recipients of the vaccine. This event could not
have been picked up in any reasonably sized clinical trial.
Especially for vaccinesfor universal usein children (23), the
FDA isconsidering requiring expanded phase 11 trialswith more
attention to safety monitoring, adirection that could increase
time to market and thus raise development costs significantly.
Other regulatory authorities, for examplein Europe, seemlikely
toimpose instead moreformal phase |V postmarketing saf ety
studies to monitor carefully potential adverse events of vaccine
candidates (20). There are benefits and drawbacksto either
approach; both will impact costs.

In the effort to ensure the rights of clinical trial subjects,
investigational review boards and ethics committeesrequire
more documentation and independent trial monitoring. This
increase was considered at the Global Vaccine Research Forum
heldin Montreux, Switzerland, in June 2000 (24), whereincreased
trial costswith little return on investment were cited.

Because of the complexity of complying with expanding
guidelines on conduct of clinical trials, more sponsors are using
CROsto conduct trials. According to PricewaterhouseCoopers
(M. Burri, PricewaterhouseCoopers, personal communication,
2000), about 60 percent of big pharmaceutical manufacturersare
outsourcing some part of their drug devel opment, which adds
up to a$5 billion market, growing at more than 20 percent per
year and projected to account for 45 percent of the total research
and development budget for drug development in 2003.

An important outcome of efficacy trials can be the determination
of serological correlates of protection—the type and quantity of
a specific immune response associated with vaccine protection.
The identification of these determinants can facilitate future
trials, asimmune response is easier to measure than efficacy, and
can help development of an appropriate lot rel ease test. Al-
though identification of such acorrelate is not arequirement for
U.S. licensure (17), failureto identify one adds complications
and expense to subsequent trials, consistency demonstration,
and lot release testing.

One approach used for acellular pertussis vaccineis to develop
asareference alarge, well-characterized production lot shown to
be effective or identical in all quantifiable respectsto an

effective product, and to demonstrate consistency of each lot to
the reference. This approach requires standardization and
validation of tests, and full characterization of the reference. In
any case, al final product tests for vaccine release must be
appropriately standardized and validated.

Harmonization and Mutual Recognition

Preparation of applicationsfor marketing authorizationis
hampered by differing requirements across countries. Many
manufacturers now have huge regulatory divisions to prepare
filesand datain amultitude of languages and formats. Several
initiatives arein place that may eventually reduce registration
costs. The International Conference on Harmonisation (ICH)
involves regulatory agencies of the United States, Japan, and
Europe working with manufacturersto harmonize aspects of
dossier requirements. So far, the ICH has addressed issues more
applicable to pharmaceutical products, but more recently
aspects applicable to vaccines, such as safety issues for
biotechnological products, good clinical practice guidelines,
viral safety evaluation of cell substrates, and a common techni-
cal document for all productsincluding biologicals, have been
addressed (25).

Mutual recognition agreements are in place between the
European Union and Australia, New Zealand, United States, and
Canada, and more are being developed (A. M. Georges, GSK,,
personal communication, 2000). The Pharmaceutical Inspection
Convention, involving Australia, Austria, Belgium, Czech
Republic, Denmark, Finland, France, Germany, Hungary, Iceland,
Ireland, Italy, Liechtenstein, Norway, Portugal, Romania, Slovak
Republic, Sweden, Switzerland, and United Kingdom, promotes
joint GM P inspections, networking, training, and moving toward
global harmonization of inspections (A. M. Georges, GSK,
personal communication, 2000).

Many countries receiving vaccines through United Nations
agency procurement use WHO prequalification (a system of
ensuring awell-functioning regul atory process, coupled with
assurance of compliance of the product with certain product
specifications) (26) as amechanism to fast-track national
registration.

A mgjor issue now confronting U.S. and European manufactur-
ers of products designed for developing markets is the increas-
ing difficulty of finding appropriate regulatory pathways. The
regulatory agenciesinvolved, the FDA and the European

M edicines Evaluation Agency, have a primary responsibility to
their home markets (4), and the use of scarce regulatory re-
sourcesto evaluate products for different epidemiological
situationsis of low priority. Nevertheless, this problem must be
addressed if manufacturers are to invest in the development of
future vaccines against diseases such as malariaand AIDS.
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PriciING CONSIDERATIONS

The pricing of vaccines has been characterized by heavy tiering
across markets, which is possible because of highly scale
sensitive manufacturing economics and product life cycles. The
product life cycle has three distinct phases, as seen in Table 2:
New product launch, market penetration, and product maturity.
Most price tiering has been seen with mature products. The
challenge for bringing new products to market isto ensure
effective management of thelife cycle (27) so that manufactur-
ersand the market will benefit.

Table2: ManagingtheProduct LifeCycle (28)

— Mew Product Market Product
Aerr Launch Penetration Maturity
Mumiber af | One Multiple, High,
producers industrialized | indusirialized
Coumiries and developing
counines
Awailable | Low High Poaential
Capacity surplus
Mkt Lovw High, High., all
demand industrialized | markets
coumiries and
privaie sector
Costs High Medium Lo
Prices High uniform | Tiered within | Tiered within

and across
markets, high
average

and across
markers, low
average

On launch, there istypically only one producer, who owns
product and process intellectual property. This phase will have
limited capacity, low demand, high production costs, and high
prices. During market penetration, new manufacturerswill enter
the market, either through their own development efforts or
through licensing of the original manufacturer’s patent, and
capacity will increase. Limited pricetiering will bepossible.
Once the product reaches maturity, and the intellectual property
protection expires, there may be many manufacturersin the
developing aswell asthe industrialized world. Production costs
arelow, and often there will be overcapacity so that availability
ishigh and demand isglobal. Priceswill be heavily tiered (28).

This paper will examinetheimpacts of capacity, market charac-
teristics, and competition on pricing.

Capacity

A critical decision in vaccine development isthat of scale. The
price impacts depend on the risk inherent in the decision to make
a specific capacity investment and the ultimate use of that
capacity. A vaccine company will have to make the decision to
invest in production capacity at an early stage, well in advance
of knowing the real demand and before revenues are available to
offset investment costs.

In the past in the United States, capacity decisions were fairly
straightforward as U.S. manufacturersknew the U.S. market and
their likely export market. The global market, however, depends
on excess capacity. Manufacturers can choose between two
extremes: Focus only on the core market, whichimplieslow
availability, high cost, high price, and risk of competition from
manufacturers offering lower prices; or focus on the global
market, with low cost and high revenues through market
segmentation, but running the risk of threatening the domestic
price structure through price tiering. Data analysis suggests that
the most profitable route for manufacturersisto maximize
production volumes, serving all segments of the market at
appropriate price points (29). However, unused capacity will
have a cost. Capacity decisions arerelatively immutable asthe
GMP requirementsfor biologicals make capacity expansion very
expensive and time consuming. Thus, capacity investments
imply higher prices because of high risksincurred by manufac-
turers.

Markets

Thevaccine market isreally aseries of markets, including private
marketsin all countries, and the public sector marketsin industri-
alized countries and those countries that are mostly donor
dependent. Managing pricing (tiered pricing) over the product
life cyclewill depend on the segmenting of these markets.

Recently, there has been much discussion about mechanisms
that can be used to manage markets, including push mechanisms
to accelerate product development for specific markets or pull
mechanismsto create more attractive markets. Push mechanisms
include direct financing of or tax creditsfor product devel op-
ment, and facilitation of clinical trials. They tend to reducerisk
for product developers and have a proven record (4). They
influence the earlier segments of product development activities
and provide acredibleindication of public-sector will to encour-
age specific research and devel opment (1, 30). Pull mechanisms,
including innovative intellectual property rights protection and
market assurances, are stronger later in the value chain (4). They
are asafer form of intervention for the funder because they are
not given until the product is available, and can be of larger
direct value to the product developers. On the other hand, they
tend to lock the funder into an outcome, and they are currently
untried. Both types are needed.
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Competition

We touched earlier on the role of competition in reducing prices.
There are two competing tensionsin play that impact competi-
tion: The consolidation of large multinational vaccine producers,
and the growing importance of vaccine manufacturersin
developing countries and emerging economies. Table 3 shows
the impact this has on the number of manufacturers serving
United Nations procurement agencies.

Table3: United NationsAgency Purchase—
Changing Mix of Suppliers(14)

Number of | Number of Percent Located in
Y ear \I/Jm o Slljjm I?r o Developing Countries
accines PPIES 1o Emerging Economies
1986 4 7 0
1996 5 14 50
2001 6 12 58

Note: BCG not included

The extent to which this mix of manufacturers can positively
impact new product development depends on their ability to
develop research and development capacity or to access
technologies. Recent developments indicate that devel oping-
country and emerging-economy (DC/EE) manufacturerswill play
anincreasingly important role:

The Devel oping Country Vaccine Manufacturers Network, anew
alliance of manufacturers, represented on the Board of the
Global Alliancefor Vaccinesand Immunization, iscomprised of
manufacturers, private and public sector, meeting or on track to
meet international standards of quality and viability.

A limited number of joint ventures have been initiated between
multinational manufacturers and devel oping-country manufac-
turers, and more are under consideration. While some of these
arefor the express purpose of leveraging market access or
regulatory pathways, their existence will enhance theimpact of
DC/EE manufacturers.

FUuTURE CHANGES | MPACTING THE
EconomicsoF VAccINE DEVELOPMENT

A number of potential changeswill impact vaccine development
activitiesin thefuture:

Product Lines— In the past, vaccines have been produced in
industrialized countries and used on aglobal basis. In the future,
many vaccines are likely to be devel oping market or at least
region specific, which will in turn impact capacity decisionsand
market sizes.

Regulatory Spiral — Thereisatrend toward substantially
increasing regulation. Thiswill increase product devel opment
costs with uncertain gains. Moreover, it could impact possible
regulatory pathways.

I ncreasing Role of Outsour cing— The current product
development model, where alarge pharmaceutical company
carries out the entire process, may be outmoded. Product
development in the future may be coordinated by virtual
organi zations, with more emphasis on outsourcing at all
stages—hasic research, early preclinical and clinical work,
manufacture, and even sales.

Competition — Any vision of the future must take into account
the changing vaccine production industry, from increasingly
consolidated global manufacturers to a new breed of developing
country manufacturers reaching high standards of excellence.
Thisgroup isaready amajor source for production of existing
products; timewill tell if it will also serveasasourcefor
innovative, developing market products aswell.

New Funding Sour ces— With the formation of the Global
Alliancefor Vaccinesand Immunization, and increasing invest-
ment into the Vaccine Fund, thereislikely to be alarge funding
increase for vaccine development, especially those for devel op-
ing markets. Many of these are being implemented by public-
private partnerships, anew mechanism for accelerating research
and development. Current vaccine devel opers are watching
these initiatives closely.
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| NTRODUCTION

The impact and importance of vaccines cannot be overstated—
they provide safe, cost effective and efficient means of prevent-
ing illness, disability and death from infectious diseases.
Vaccines, along with the availability of improved medical care,
living conditions, and sanitation, helped reduce mortality from
infectious diseases in the Unites States more than 14-fold in the
20" century.

The United States government agencies charged with protect-
ing and improving health traditionally have long made vaccine
research and development atop priority. Together with partners
in the public and private sectors, government-supported
scientists have helped develop many of our most useful
vaccines, including new or improved vaccines that protect
against invasive Haemophilus influenzae type b (Hib) disease,
pneumaococca pneumoniaand meningitis, pertussis, influenza,
measl es, mumps, rubella, chickenpox, and hepatitisA and B. In
addition to developing vaccines against classic infectious
diseases, the National Institutes of Health (NIH) and other
government agencies are working to devel op new and improved
vaccines against potential agents of bioterrorism, chronic
diseases with infectious origins, as well as autoimmune diseases
and other immune-mediated conditions. In thisvolume of The
Jordan Report, several articles describe the many promising
vaccine candidates currently being developed against awide
range of human diseases.

PROGRESS AND CHALLENGES

Safe and effective vaccines, along with the operational expertise
and political commitment to administer them, haveled to some
of the greatest triumphsin public health, including the eradica-
tion of naturally occurring smallpox and the near-eradication of
poliomyelitis. Each year, immunization programssave 3 million
livesworldwide, and morewidespread administration of
currently available vaccines could prevent at least another 3
million deathsevery year.

A notable “success story” is the development and widespread
use of polysaccharide-protein conjugate vaccines against Hib,
developed by NIH and partners in the public and private
sectors. Before these vaccines were licensed, approximately
20,000 cases of invasive Hib disease occurred among children
each year, and Hib was the leading cause of childhood bacterial
meningitis and postnatal mental retardation. The use of Hib
conjugate vaccines hasvirtually eliminated invasive Hib

diseases among children in the United States and other devel-
oped countries. Studies have confirmed the effectiveness of
these vaccines in low-income countries, and widespread
distribution of Hib vaccines could significantly reduce the
global burden of thisinfection, which leads each year to 2-3
million cases of invasive diseases and at least 450,000 deaths
worldwide. Ultimately, global vaccination programs could lead to
the eradication of thisterrible disease. Furthermore, the utiliza-
tion of the polysaccharide-protein conjugate technology for
improved pneumococcal vaccines has proven extremely
promising.

Other examples of triumphin thefield of vaccinology abound.
For instance, vaccines that protect against Hepatitis B virus
(HBV) have dramatically reduced theincidence of serious
hepatic disease in countries where HBV vaccines are routinely
used. Aswith conjugate Hib vaccines, NIH and multi-sector
partnersworked together to develop HBV vaccines. Effortsto
increase global coverage with HBV vaccines hold great promise
in significantly reducing the mortality associated with the virus,
estimated to be about 900,000 deaths per year worldwide.

Despite significant progress in the development and distribution
of vaccines, much remainsto be accomplished. Infectious
diseases remain the second leading cause of death and the
leading cause of disability-adjusted life yearsworldwide (one
disability-adjusted life year isonelost year of healthy life).
Among children aged 0 to 4 years, infectious diseases cause
approximately two thirds of al deathsworldwide. In 2001,
approximately six million deathswere attributed to three dis-
eases, for which no effective vaccines are available: AIDS,
tuberculosisand malaria. Effective vaccinesalso arelacking for
many other serious infectious diseases that exact an enormous
toll worldwide, such as sexually transmitted diseases (other than
hepatitis B), many parasitic diseases, respiratory pathogens
such as respiratory syncytial virus, aswell as a host of enteric
diseases that contributed to more than two million diarrhea
related deathsin 2001.

In addition to endemic diseases, the world must cope with the
ongoing threat of new and re-emerging diseases and the
widespread development of antimicrobial resistance. More than
50 newly recognized infectious diseases and syndromes have
beenidentified since 1980, including AIDS and its etiol ogic
agent, the human immunodeficiency virus (HIV). HIV hasnow
infected well over 60 million peopleworldwide, of whom more
than athird of have died. Certain other emerging infections,
such as Ebolavirus and Nipah virus, are highly virulent but
have so far involved relatively small numbers of peoplein
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restricted geographic areas, and have yet to become global
public health threats. Other re-emergent diseases, including
vector-borne pathogens such as dengue virus and West Nile
virus, continue to spread. The epidemic of West Nile Virus
infectionsin the United Statesin 2002, which hasmarkedly
outstripped the initial encounter with this diseasein 1999, isa
stark reminder of the public health implications of re-emerging
infections. In addition, the recent anthrax attacksin the United
States underscore our vulnerability to infections that “ emerge”
because of an intentional human act.

Resistance to antimicrobia agents has been observed in
virtually all classes of organisms, resulting in adiminished
capacity to treat many serious infections. Theworld isfaced
with the continuing threat of antimicrobial resistance on awider
scale than ever before, with the emergence of resistant strains of
anumber of important microbes, including pneumaococci,
enterococci, staphylococci, aswell asthe malariaparasite
Plasmodium falciparum, and the tubercul osis bacillus Myco-
bacterium tuberculosis. The development of viral resistanceis
also amajor problem inthetreatment of HIV-infected individuals,
many of whom have been treated with all available class of
antiretroviral drugs and harbor virus that that is multi-drug
resistant.

Unfortunately, safe and effective vaccines are lacking for most
emerging and re-emerging diseases, aswell asmany endemic
infectionsthat are increasingly more difficult to treat because of
antimicrobial resistance. The devel opment of vaccinesto
prevent these conditions—with a particular focus on HIV/AIDS,
tuberculosis, malaria, and potential agents of bioterrorism—isa
critical priority of the NIH and other U.S. government agencies
involved in biomedical research. Clearly, preventing aninfection
is preferable to attempting to treat it, especially in resource-poor
settings where even rudimentary medical careisunavailable.

CoOLLABORATIONS AND COMMITMENT

The process whereby a vaccine is developed and tested is
complex and requires many steps. The various partnersin
vaccine development bring perspectives, resources and skills
that are sometimes unique, but more often productively overlap-
ping and complementary. Industry provides expertise in product
development and manufacturing, while many government efforts
have traditionally focused on creating and expanding the
scientific base in disciplines that underlie product devel opment,
arole sometimes described as* priming the pump.”

Most currently available vaccines, aswell asthosein the
development “pipeline,” have resulted from collaborations
between partners in the public and private sector, including
federal and state governments, global organizations, small and
large companies, academic research ingtitutions and non-
governmental organizations (Figure1).

Figurel.
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A prototypic example of successful partnerships across sectors
is the development of “acellular” pertussis vaccines, based on
individual components of Bordetella pertussis, rather than the
whole bacterium. Basic research in government and university
laboratories provided the insights that enabled industry to
develop candidate acellular pertussis vaccines. Phase | and
Phase Il clinical trials of these products, supported by industry
and government, were conducted at academic medical centers,
notably within the National Institute of Allergy and Infectious
Diseases' nationwide network of Vaccine and Treatment
Evaluation Units (see Figure 2). International efficacy trials,
funded and overseen by government and industry, and facili-
tated by public health officials through intergovernmental
channels, helped provide the data that led to the licensure of
acellular pertussis vaccines in the United States and abroad.
These new vaccines are considerably less reactogenic than
older whole-cell products and their availability has helped
remove amajor disincentive to vaccination against pertussis.

Figure2.
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The importance of vaccine development and the necessity for
strong cross-sector partnerships have been recognized at the
highest levels of government, both in the U.S. and internation-
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ally. For example, in 2001 the United Nations General Assembly
convened a special session on HIV/AIDS and adopted a
resolution calling for increased investment to accelerate HIV/
AlDSvaccineresearch. Inthe United States, both the executive
and | egidlative branches have made immunization, including
vaccine research and development, atop priority. 1n 2000, the
Administration unveiled aMillennium Vaccine Initiative to
promote delivery of existing vaccinesin developing countries
and accel erate development of new vaccines. The President’s
Fiscal Year 2003 Budget for vaccine research and devel opment at
theNIH callsfor $1.3 billion, up morethan x percent from 1990
(seeFigure 3). Inthe US Congress, numerous legislative
proposals are being pursued to support the discovery and to
facilitate the delivery of vaccines (see http://thomas.loc.gov).

Figure3.
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In addition, the NIH, the Centersfor Diseases Control and
Prevention and other national research agencies participate in
the development and/or support of public-private partnerships
such asthe Global Alliancefor Vaccines and |mmunization
(GAVI), thenternational AIDSVaccinelnitiative, and the
MalariaVaccine I nitiative, which combine the resources and
skills of awiderange of collaborators. Such partnerships, which
build on previous cross-sector collaborations for the donation
and distribution of existing health-enhancing products, also play
an important rolein the research and devel opment of new and
improved vaccines. GAV | isaprototypic example; its partners
include not only US government agencies, but also numerous
other national governments in both rich and poor countries,
pharmaceutical manufacturers, philanthropies and foundations
such as the Bill and Melinda Gates Foundation, the World
Health Organization, the United Nations Children’s Fund
(UNICEF), and non-governmental organizations.

The private sector a so has demonstrated a renewed commitment
to vaccine development. Recent advances in gene cloning and
expression, peptide synthesis and other technologies have
created new opportunities for developing patentable

“bioengineered” vaccines with the potential for a substantial
return on research and development cost. In addition, new
initiatives such asthe NIH Challenge Grant Program, which
provides matching fundsto companieswho will commit their
own dollars and resources toward devel oping new vaccines and
other medical interventions, have helped engage the private
sector and spur vaccine research and development. NIH
Challenge Grants are milestone-driven awards, meaning that
recipients must achieve predetermined product goals during the
development process. Progress is assessed at each milestone, at
which time decisions are made regarding continuing project
funding.

THE GOVERNMENT PLAYERSIN VACCINE
RESEARCH

Within the federal government, more than 20 different agencies
have arolein vaccine research. Among these, NIH, CDC, the
Department of Defense (DoD), the Food and Drug Administra-
tion (FDA), and the United States Agency for International
Development (USAID) have the largest investment in vaccine
development. The roles of these different agenciesin vaccine
development are related and complementary, and range from the
support and conduct of basic research to licensure activities and
program implementation. Table 1 listsexamples of key rolesfor
selected U.S agenciesinvolved in vaccine research and devel op-
ment. Inaddition, the National Vaccine Program Office has
important coordinating functions with regard to research,
licensing, production, distribution and use of vaccines.

Table1: Government Playersin Vaccine Research

e CDC hasamyriad of rolesrelated to vaccines. Among
them, the agency conducts the epidemiological studies
and surveillance needed to define health priorities. In
addition, CDC devel ops recommendations for vaccine
usethrough the Advisory Committee for Immunization
Practices(ACIP).

e DoD supportsresearch into vaccinesthat likely will
protect against pathogens that military personnel are
likely to encounter.

e USAID supports research on vaccines of particular
relevance to young children in devel oping countries.

e FDA establishes standards for the processes, facilities,
and pre- and post-licensure activities needed to insure
the safety and efficacy of vaccines.

e NIH supports, through itsextramural and intramural
programs, much of the basic research in microbiology
and immunology that underpins vaccine devel opment.
NIH also provides research resources such as reagent
repositories, genomic databases, and clinical trials
support to identify vaccine targets and move candidates
along the pathway to licensure.

Sources: Folkerg/Fauci, 1998; Nationa VaccineAdvisory Committee, 1997
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THE KEY ROLE oF BAsic RESEARCH

Basic biomedical research funded by NIH and other agencies
underpins vaccine development. Historically, scientific ad-
vances in microbiology and related disciplines have led to the
development of new vaccines. For example, theidentification of
microbial toxins, aswell asmethodsto i nactivate them, allowed
the development of some of our earliest vaccines, including
those for diphtheria and tetanus. In the 1950s, new tissue culture
techniques ushered in a new generation of vaccines, including
those for polio, measles, mumps and rubella. In recent yearswe
have seen rapid advances in our understanding of the immune
system and the complex interactions between pathogens and the
human host, as well as extraordinary technical advances such as
recombinant DNA technology, gene sequencing and peptide
synthesis. These developments have created opportunities for
identifying new vaccine candidates to prevent diseases for
which no vaccines currently exist; improving the safety and
efficacy of existing vaccines; and designing novel vaccine
approaches, such as new vectors and adjuvants.

NIH and other agencies actively pursue research portfolios that
involve interaction with industry and academia and the transfer
of technology to the private sector for commercialization.
Historically, an important focus of these efforts has been to
further explore concepts that may not be of immediate financial
interest, including those for which the principal market might be
less developed nations, but nonetheless are of great potential
public health importance. The government also playsacritical
role in vaccine development by providing scientists with
reagents that might not otherwise be shared because of propri-
etary interests. Of growing importance are research resources
such as reagent repositories, genomic databases, animal models,
and clinical trials support, aswell as milestone-driven partner-
ships and contracts. Increasingly, government agencies such as
NIH have sought to overcome challenges to vaccine develop-
ment by conducting translational research that takes basic
research findings through the process of target identification,
and preclinical and clinical development.

The use of the new technologiesin the 21 century promises to
provide arenaissancein the already vital field of vaccinology.

In particular, the availability of the annotated sequences of the
entire genomes of microbial pathogenswill allow for the
identification of awide array of new antigens for vaccine targets.
A number of government agencies, including NIH and DoD,
support projects to sequence the genomes of medically impor-
tant pathogens. Sequence information can be used in many
ways, including identifying antigens to incorporate into
vaccines. The success of the first microbe sequencing project—
the delineation of the complete Haemophilus influenzae genome
in 1995—encouraged the current government-sponsored efforts
to sequence the full genomes of many other pathogens. NIH has
made asignificant investment in the growing field of microbial
genomics, and has funded the genomic sequencing of more than

60 medically important microbes. Approximately 20 of these
projects have been completed, including the sequencing of
bacteriathat cause tuberculosis, gonorrhea, chlamydia, cholera,
the parasite that causes malaria, as well as the mosquito that
transmits malaria. These sequencing efforts have been facilitated
by technologies such as DNA chip technology and microarrays
that enable the rapid, simultaneous analysis of tens of thou-
sands of genes.

ADDRESSING THE THREAT OF
BIOTERRORISM

The anthrax attacks of 2001in the eastern United States revealed
significant gapsin our overall preparedness against
bioterrorism, giving a new sense of urgency to biodefense
efforts, especially with regard to vaccine devel opment. NIH has
significantly bolstered research efforts on vaccines against
many of the pathogens considered to be bioterrorist threats,
with an eye toward producing products that are safe and
effectivein civilian populations of varying ages and health
status. Recently, aclinical trial conducted by several of NIAID’s
Vaccine and Treatment Evaluation Units demonstrated that
existing stocks of the smallpox vaccine known as Dryvax could
successfully be diluted at least five-fold and retain its potency,
effectively expanding the number of individual s who could be
immediately vaccinated against smallpox using existing stocksif
asmallpox attack wereto occur. Inaddition, asecond-genera-
tion smallpox vaccineis now being produced in cell culture, and
large supplies of this product are scheduled to be available by
the end of 2002. This new product, aswell asmore than 75
million additional doses of smallpox vaccine that have been
stored by apharmaceutical company since 1972, will be tested
for safety and immunogenicity by NIH-supported investigators.
In the long-term, basic research promisesto provide athird
generation of smallpox vaccines that could be used in all
segments of the population, including pregnant women and
people with weakened immune systems. One such vaccine
nearing phase |l clinical trialsis based on Modified vaccinia
Ankara(MVA), whichisrelated to the current smallpox vaccine
strain, but may cause fewer adverse reactions. Additional
bioterrorism vaccines also are in various stages of devel opment.
To name just two, a new anthrax vaccine, based on a
bioengineered component of the anthrax bacterium called
recombinant protective antigen (rPA), will soon enter human
trials. Onthe NIH campus, researchersat the NIAID Daleand
Betty BumpersVaccine Research Center have developed aDNA
vaccinethat protected monkeysfrom infection with Ebolavirus,
and that will undergo testing in human volunteers beginning in
early 2003. In each of these endeavors, NIH isworking closely
with partners in the public and private sectors.

Aswe prepare for the public health challenges of endemic,
emerging and re-emerging infectious diseases, it isimperative
that a robust commitment to basic research and cross-sector
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collaboration be maintained. Only with such collaborations can
we successfully translate basic research findings and techno-
logical advancesinto improved health through immunization.
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Enteric Infections l

OVERVIEW

Diarrheal diseases are amajor cause of morbidity in devel oped
countries and of morbidity and mortality in developing coun-
tries. The large number of bacterial and viral pathogens that
cause diarrheal disease complicates surveillance and accurate
diagnosis and presents formidable challenges to the application
of vaccination strategies for public health. Even when the most
sophisticated methods and diagnostic reagents are used,
greater than half of the cases of diarrheal illness cannot be as-
cribed to aparticular agent. Certainly, there are enteric patho-
gens that have not been discovered yet.

Pharmaceutical companies do not see alarge market for enteric
vaccinesin the United States. For the most part, these enteric
pathogens do not induce life-threatening illness in this country.
The U.S. vaccine market is often targeted toward travelers and
deployed military personnel. Unfortunately, most people who
could benefit from these vaccines are in countries that cannot
afford to pay for them.

The focus of the National Institute of Allergy and Infectious
Diseases (NIAID’s) enteric diseases program will continueto
be basic research needed to better characterize pathogenesis of
the organisms responsible for diarrheal diseases, definition of
the protective immune responses, and testing of prevention and
therapeutic strategiesin clinical trials. Tremendous gainsin
understanding pathogenesis have come from these research
efforts, and that information has been essential for the creation
of vaccine candidates. The recent sequencing of the genome of
some of these pathogens, and significant progress on others,
promises to give new insights on pathogenesis and additional
targets for deletion from vaccine candidates. Many of the en-
teric vaccinesare early in clinical development and haveyet to
enter scaleup production and testing in large clinical trials. The
availability and future use of these vaccines for improving pub-
lic health around theworld remainsalong-term goal .

CHOLERA

Choleraremains an important disease in areas where poor sani-
tation is common (devel oping countries, refugee camps, etc.).
Two significant events have altered the epidemiol ogic picture of
cholerain thelast 20 years. One was the emergence of anew
epidemic serotype 0139 that appeared in Indiain 1992 and that
continues to cause disease in Asia, where it coexists with the
more common O1 serotype. The other was the appearancein
1991 of cholerain the Western Hemispherefor thefirst timein
100 years. Hundreds of thousands of individuals in South and
Central Americawere affected by that epidemic. The organism
associated with that event was the O1 El Tor strain, which also
has been responsible for most of the disease associated with

refugee campsin Africaand the Middle East. While the organ-
ism continuesto cause disease in South and Central America,
many fewer cases have been reported in recent years.

There are at present two cholera vaccines that have been li-
censed in many countries (but not yet in the United States). One
isthekilled whole cell plusrecombinant choleratoxin B (rCTB)
formulation produced by SBL Vaccin AB in Sweden. Thisvac-
cine (Dukoral®) isadministered orally in two doses spaced 1 to 2
weeks apart and protects against O1 and O139 strains. It has
been approved for usein Sweden, Norway, Estonia, El Salvador,
Guatemala, Honduras, Mexico, Nicaragua, Peru, Mauritius,
Madagascar, and Kenya. Protective efficacy has been in the
range of 50 to 85 percent in field trials, and protection seemsto
diminish after thefirst 2 years. TherCTB component inthis
vaccine also affords partial protection against enterotoxigenic
strains of Escherichia coli expressing heat labiletoxin (LT). A
vaccine model ed after thiskilled SBL vaccine has been produced
and tested in Vietnam with good results. Dukoral® would appear
to be availablefor use asacholeravaccinefor travelers (al-
though not in the United States), in refugee settings, or follow-
ing natural disasters where large numbers of people may bein
areas where clean water and good sanitation are not available.

Theother vaccineis CVD-103HgR produced by BernaBiotech,
Ltd., (formerly Swiss Serum and Vaccine I nstitute Berne) in Swit-
zerland. Thisisalive-attenuated product that isgiven asa
single oral dose in buffer. It has been approved in some Euro-
pean countries and Canada, but has yet to be licensed in the
United States. The vaccine recently has shown outstanding
protection from experimental challengeinadouble-blind
multicenter study in U.S. volunteers. Therefore, it may be quite
useful asatravelers' vaccine. However, it did not show efficacy
inalargefield trial conducted in Indonesia, bringing into ques-
tion its usefulness for public health in endemic regions. Current
manufacturing problems have limited the supply of thisvaccine
and are holding up application for U.S. license.

Cholera
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Other vaccines arein the early phases of clinical testing. Peru 15
is another live-attenuated strain directed against O1 cholera,
which is being devel oped by Avant Immunotherapeutics, Inc., of
Massachusetts. Peru 15 has shown outstanding protection of
volunteers against experimental challengein atrial conducted
recently in the United States and supported by NIAID. The
vaccinewill betested infield trialsin Bangladesh. Live-attenu-
ated vaccines directed against 0139 cholera are being devel oped
independently by Berna Biotech, Ltd., and Avant
Immunotherapeutics, Inc. Intramural scientists of the National
Institute of Child Health and Human Development (NICHD) of
the National Institutes of Health have tested, in animals, a
parenteral cholera vaccine consisting of O antigen conjugated to
recombinant mutant diphtheriatoxin.

SH1GA ToxIN-ProbucinG E. CoLl
(STEC) AND ENTEROPATHOGENIC
E. Coul (EPEC)

STEC, asoreferred to as enterohemorrhagic E. coli, primarily of
the O157:H7 serotype, isusually transmitted by contaminated
food or water or direct contact with infected animalsin devel-
oped countries. Interestingly, STEC does not contribute signifi-
cantly to the diarrheal disease burden in developing countries.
STEC expressesoneor both of the Shigatoxins (Stx-1 and Stx-11).
The Centers for Disease Control and Prevention estimates that
as many as 100,000 cases per year occur in the United States.
Clinical symptomscaninclude mild diarrhea, severe abdominal
cramping, and bloody diarrhea. Children, the elderly, and
immunocompromised individualsare at particular risk of devel-
oping severe complications, including kidney failure dueto
hemolytic uremic syndrome (HUS). Contaminated food products,
such as undercooked ground beef, unpasteurized apple juice,
raw milk, sausages, lettuce, and sprouts, aswell as swimming
pools and well water have all been identified as sources of infec-
tion. Outbreaks caused by sorbitol fermenting O157:H- (Ger-
many) and Shigatoxin-producing O111 (United States) empha-
size the need to consider strains other than O157:H7 as poten-
tially dangerous and capabl e of producing HUS. Recently, STEC
infection of the urinary tract has been linked to the development
of HUSinchildren.

The sporadic and relatively rare occurrence of infections due to
STEC limitsthe useful ness of avaccine for humans. Potential
uses of an effective vaccine could bein alarge community out-
break to prevent secondary spread or in institutional or childcare
settings. If avaccine could protect against STEC and EPEC, a
stronger case for a preventive vaccine strategy could be made,
particularly if EPEC is shown to contribute asignificant disease
burden in the United States.

Current vaccine development effortsfor STEC arefocused on
livestock cattle and other ruminants known to asymptomatically
carry these organisms and shed them in their feces. Vaccine

approaches target the col onization factor intimin, the protein
required for attachment of STEC and EPEC. If intimin provesto
be a good immunogen, it would be useful against both groups of
pathogenic E. coli. The expression of the B subunit of Stx-I in
vaccine strains of Vibrio cholerae protects rabbits challenged
with Stx-1 toxin. The expression of intiminin canola, alfalfa, or
other animal feed cropsis also being evaluated as an edible
animal vaccine. Of coursg, if this strategy were to be successful
inanimals, it also could define anew approach for an edible
human vaccine. Conjugate vaccines targeting the bacterial li-
popolysaccharide have been developed by Dr. John Robbins
group at NICHD, and thesearein early clinical development.

Therapeuticsfor treatment of individualsinfected with STEC are
also under development. Toxoids, if safe and immunogenicin
human volunteers, could provide protection against STEC
strains and Shigella dysenteriae 1. Antitoxin antibodies also
could be purified from donor serum and assessed for their ability
to prevent the development of HUS and other serious sequelae
in patients presenting with STEC infection. NIAID-supported
investigators, in collaboration with corporate partners, have
produced “humanized” monoclonal reagents of mouse
monoclonalsthat have been shown to neutralize Stx-1 and |1.
These hybrid antibodies, which contain the specific binding
variable regions of the original mouse monoclonalswith the
constant regions of human antibodies, also would be tested for
efficacy in preventing the development of the systemic effects
of STEC infection. Phasel trials of thistreatment strategy are
planned. Another group of NIAID investigators is producing
completely “human” monoclonals against the Shigatoxinsin
transgenic mice. These products a so should be ready for clini-
cal trialsin the near future.

E. Coli

EnTEROTOXIGENIC E. CoLl (ETEC)

Aswith cholera, asafe and effective vaccine against ETEC
would be of potential public health benefit to young children
living in areas of theworld where ETEC isendemic, and to trav-
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elersvisiting these areas. ETEC is second only to rotavirus as
the cause of severe dehydrating diarrheain young children
throughout the world. Volunteer studies have shown that infec-
tion with ETEC generates protectiveimmunity against
rechallenge with the same strain.

Swedish investigators at SBL Vaccin AB have produced avac-
cine composed of amixture of fiveformalin-inactivated ETEC
strains, which together express the major colonization factor
antigens (CFASs) important in human disease, combined with
rCTB, whichwill élicit antibodiesthat neutralizethe ETECLT.
Clinical studiesin more than 500 volunteers have demonstrated
that thisvaccineis safe, immunogenic, and capable of generat-
ing antibody-secreting cell (ASC) responses equivalent to natu-
ral infection in Bangladeshi adults. In studies conducted in
Egypt, this vaccine was found to be safe and immunogenic and
to induce ASC and immunoglobulin (Ig) G responsesin adults. A
large randomized blinded study isunderway in U.S. travelers.

NIAID-funded investigators have used attenuated strains of
Shigellaand Salmonellato expressETEC CFAs. Animal experi-
ments with the Shigella construct have indicated that an immune
response to the expressed CFAsis generated following oral or
intranasal administration.

Dr. CharlesArntzen and Dr. John Clements haveteamed up on a
novel edible vaccine approach. Phase | safety and immunogenic-
ity studies in volunteers have been completed at the University
of Maryland Vaccine Treatment and Evaluation Unit (VTEU).
Thetrial demonstrated that this vaccine was safe and immuno-
genic. Dr. Arntzen’slong-term goal isto expressantigensin a
plant that people find appetizing, such as tomatoes or bananas.

NIAID plansto sponsor aphase | trial of another edible vaccine
designed and produced by ProdiGene, Inc., of Texas. Thisvac-
cine consists of transgenic corn expressing LTB. It would seem
to have the advantages of a stable shelf life at room temperature,
a homogeneous distribution of antigen in a palatable product
produced by standard corn processing methodology, and a level
of antigen produced that is sufficiently high to allow convenient
consumption.

Investigators at Walter Reed Army Institute of Research
(WRAIR) have devel oped and tested in small nhumbers of volun-
teersavaccine containing ETEC CFAsCS1 and CS3 (CFA/II)
encapsulated in biodegradable microspheres. Trials are being
planned that will use this antigen preparation in combination
with anontoxic mutant LT asamucosal adjuvant to try and
improveimmunogenicity and protective efficacy. Recent studies
on asimilar CS6 product showed that the antigen administered
in microspheres alone induced arather poor immune response.

Scientists at Acambis, United Kingdom and Massachusetts, in
collaboration with investigators at the Navy Medical Research
Center; Johns Hopkins University; and the International Centre
for Diarrheal Diseases Research, Bangladesh (ICDDR,B) have

developed a series of live-attenuated ETEC, tox(-) strainsthat
show promisein phase | studies. Lack of reactogenicity, aswell
as good immunogenicity have encouraged investigators to
pursue this approach. Phase | testing of these attenuated strains
expressing engineered (nontoxic) LT and heat stable toxin anti-
gens is planned.

HELICOBACTER PYLORI

Itisnow well recognized that H. pylori isthe main cause of
gastric and duodenal ulcers aswell as gastritis and is a contrib-
uting factor for the development of cancers of the stomach
worldwide. In some developing countries, the infection rate
approaches 100 percent of the population, while in the United
States, as much as 40 percent of the adult population isinfected
with thisorganism. Not all infected individuals are symptomatic.
H. pylori disproportionately affectsindividuals of Hispanic and
African-American decent. Thereremainsanintensive effort to
educate the public and healthcare providers about the associa-
tion between H. pylori and ulcer disease and to stress that this
is an infectious disease that can be cured by antibiotic therapy.

A vaccineto prevent infection with H. pylori isworthy of con-
sideration. The organism has been shown to be extremely het-
erogeneous at a genetic level and may make the devel opment of
apreventive vaccinedifficult. Onthe other hand, animal experi-
ments have demonstrated that a vaccine composed of purified
urease or other antigens can be protective and therapeutic if
coadministered with choleratoxin, the potent mucosal adjuvant.
Of course, choleratoxin cannot be used in humans, but the use
of nontoxic mutants of either choleratoxin or E. coli heat LT
could be useful as adjuvants. In addition to urease, combina-
tions of antigens, and killed whole cells or cell extractsare being
evaluated by a number of investigators and companies includ-
ing: Acambis and Astrain Massachusetts, Antex Biologicsin
Maryland, IRIS Chiron Biocenein Italy, and Commonwealth
Serum LabsinAustraia

Other approaches include the expression of H. pylori antigensin
live-attenuated orally delivered vectors. NIAID isworking with
Acambis and lomai Corporation on a transcutaneous vaccina-
tion strategy that will use the H. pylori urease as antigen with
LT asan adjuvant. It is hoped that phase | studies will begin
withinthe next year.

PoLio

Asworldwide polio eradication efforts accelerate, the number of
countriesthat are free of polio continuesto increase. Globally,
health officials now are optimistic that polio can be eradicated
by the end of 2005. Since1988, the number of reported polio
cases has decreased by greater than 99 percent from an esti-
mated 350,000 to lessthan 1,000. In 2001, 537 confirmed polio
cases (asof April 2002) werereported. Thisisdown from 2000
when atotal of 2,971 caseswere reported. Only 10 countries
documented indigenous transmission of wild poliovirus during
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2001, and wild type 2 poliovirus has not been detected world-
wide since October 1999. In 2000, reported global vaccination
coverage with three doses of oral poliovirus (OPV) vaccine
(children less than 12 months of age) was 82 percent.

In the Western Hemisphere, the Pan American Health Organiza-
tion (PAHO) documented that the last case of paralytic poliomy-
elitis associated with awild-virusisolate wasin Peru on August
23, 1991. The successful methods developed during this pio-
neering regional eradication effort led to a now-standard world-
wide eradication strategy of 1) achieving and maintaining high
routine vaccine coverage, 2) giving supplemental vaccine doses
during National Immunization Days(NIDs) tointerrupt wild
poliovirus transmission, 3) devel oping sensitive systems for
surveillance, and 4) conducting mopping-up immunization cam-
paigns.

Worldwide immunization isbeing coordinated by an interna-
tional coalition of partners, including the World Health Organiza-
tion (WHO), the Rotary International, the Centersfor Disease
Control and Prevention (CDC), the United Nations I nternational
Children’s Fund, anumber of national governments, and many
nongovernmental organizations. During 1996 alone, two-thirds
of theworld’s children younger than 5 years of age received oral
polio vaccine. A new WHO/partner plan for acceleration of polio
eradi cation emphasizesrounds of NIDs pulseimmunizationsin
India, and sub-NIDsin other key countries.

With two regions of the world now polio free, and three other
regions closeto polio elimination, global eradication appearsto
befeasible. Laboratory confirmation of casesisavailable
through aglobal laboratory network for poliomyelitis eradica-
tion, whichincludes national, regional, and specialized |aborato-
ries. However, the need for repeated contacts with infants to
administer the three doses required to immunize fully, and the
heat sensitivity of the vaccine remain challenges to the global
eradication effort.

The problems of controlling polio in developed countries are
different from those in developing countries. Although poliois
controlled in devel oped areas, a small number of cases occur
each year, and these appear to be associated with use of the
live-attenuated vaccine.

During 2000-2001, acluster of polio casesattributed to circul at-
ing vaccine-derived poliovirus (cVDPV) type 1 wasfoundin
Haiti and the Dominican Republic and in the Philippines. The
virus in these outbreaks had greater than 2 percent genetic
sequence difference from the parent Sabin virus. The revertant
virus probably circulated for 2 years before the outbreak. It is
hypothesized that |ow vaccination coverageisalowing cVDPV's
to circulate and revert to amore virulent, wild-typevirus. Vacci-
nation campaigns with OPV are underway to control these out-
breaks.

Wild poliovirus transmission has been interrupted in the United
Statessince 1979, and in 1997, to reducetherisk for vaccine-
associated paralytic poliomyelitis (VAPP), increased use of inac-
tivated poliovirus (IPV) vaccine was recommended. In 1999, to
eliminatetherisk for VAPP, exclusive use of IPV wasrecom-
mended for routine vaccination in the United States. However,
because of superior ability to induce intestinal immunity and to
prevent spread among close contacts, OPV remains the vaccine
of choicefor areaswherewild poliovirusisstill present. Until
worldwide eradication of poliovirusisaccomplished, continued
vaccination of the U.S. population against polioviruswill be
necessary.

Current challengesto global polio eradication effortsinclude
ongoing intense transmission in heavily populated countries
(e.g., India, Pakistan, Nigeria), continued importations of wild
poliovirusinto polio-free areas, and the detection of cVDPV.

As the world approaches eradication of polio, there have been
preliminary meetingsto discusswhether therewill beatime
when all polio immunization could be stopped. Thisissueis
controversial, with some experts recommending continuing OPV,
othersrecommending continuing indefinitely only with PV, and
still others seeing apossibility of stopping all immunization after
aperiod of only IPV. Thisissueisunresolved and will remain the
focus of intense debate.

Another issue for the posteradication erais the safety of per-
forming research on wild poliovirus strains in less than biosaf ety
level 4 containment facilities. After eradication, thereisconcern
that the laboratory or the vaccine manufacturing facility would
become a potential source of reintroduction of wild poliovirus
into the community. The seed virusfor production of IPV isa
high-yielding, wild-type poliovirus, and recently therewas a
case of accidental transport of the strain from a production
facility into the community viaan infected but immunized worker.
Eventually, if poliovirusimmunizationis stopped, all poliovirus
strains, including vaccine-derived strains, might have to be
contained or destroyed. Other unresolved issues about the
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posteradication erainclude: 1) Whether reintroduction is pos-
sible from immune-suppressed individuals persistently shedding
vaccine strain virus, 2) whether the persistent shedding could be
controlled withimmune globulins or antivirals, 3) which vaccine
would be used if areemergence occurred, 4) which vaccine(s)
will be needed in the posteradication age, 5) how these vaccines
will be produced if all stocks are destroyed or high-containment
productionfacilitiesare required, and 6) whether polio
bioterrorism will become an important concern.

NIAID currently funds several extramural basic research projects
on thevirological and immunological aspects of polio. One goal
of thiswork isto apply the knowledge obtained to make better
vaccinesthat will be genetically stable and not revert to amore
neurovirulent form, and more efficient and efficacious, especially
when used in tropical and developing regions of the world.

Several major NIAID-supported discoveries have added greatly
to the knowledge about polioviruses, aswell as other RNA
viruses. Molecular studies have been advanced substantially by
the development of quick, reliable nucleic acid sequencing meth-
ods and the construction of a cDNA infectious clone of poliovi-
rus. The changesin viral nucleic acid that occur during vaccine
reversion to virulence have been defined, and a number of stud-
iesare examining the basis of viral virulence and attenuation.

The detailed study of viruses always has been hindered by the
fact that viruses must invade a host and replicate within living
cells; however, research supported by NIAID shows that it is
possible to induce the de novo synthesis of infectious poliovi-
rusin acell-free, test-tube system. This system has provided a
number of new research approaches to the study of virus repli-
cation.

Another major breakthrough was the ability to insert into mice
the human gene responsible for producing the receptor for hu-
man poliovirus. Because such transgenic mice are able to make
the receptor for poliovirus, they become susceptible to infection
and develop aparalytic-like disease. These new mice have
helped advance research focusing on the pathogenesis of vi-
ruses.

These discoveries are of great significance not only for the
study of poliovirus, but for research on other viruses. As a
model, polio research hasled to mgjor breakthroughs, particu-
larly in other RNA viral systems. Nonpolio enteroviruseswill
remain aproblem even after eradication. In arecent study of
morethan 3,200 cases between 1993 and 1996 in the United
States, echoviruses 9, 30, 6, and 11 were commonly isolated, as
were coxsackieviruses B5, A9, and B2. Enterovirus 71 hasbeen
increasingly linked to neurologic disease, and evidence contin-
ues to mount implicating certain enteroviruses in the etiology of
diabetes. This group of viruses requires intensified research.
The knowledge derived from poliovirus studies will be of great
value in the devel opment of new vaccines or antiviral drugs
against many other RNA viruses that are now difficult to study.
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ENTERIC VIRUSES

Rotavirusisthe leading cause of severe diarrheal disease of
infants in developed and developing countries. Although
Wyeth-Ayerst has licensed the RotaShield® vaccine, which was
developed by NIAID intramural scientists, the increased inci-
dence of intussusception among infants who had received this
vaccineresulted initswithdrawal from the market. Two other
vaccinesarein active phase 11 trials. ThefirstisaWC3 bovine
reassortant vaccine being tested by Merck. The second is a
human nursery strain being tested by SmithKline Beecham
(SKB). Both of thesetrials are underway in the United States.
The SKB trial isalso recruiting subjectsin Europe and in some
developing countries. Clearly, avaccine against rotavirusis
needed and would find application worldwide.

Two additional nursery strains that wereisolated in India and
have been manufactured in the United States under NIAID
contract have been in early phase | trialsin adults and seroposi-
tive children at the Cincinnati VTEU. There is hope about the
prospects of further testing of these two strains in seronegative
children and in phase | trials to be conducted in the United
States and by collaborators in India. One advantage that these
weakened human viruses may haveisthelack of vaccine-in-
duced fever, aside effect seen in asmall percentage of recipients
of the rhesus or bovine-based reassortant vaccines.

At amore experimental stage, aNIAID grantee has succeeded in
assembling virus-like particles (VL Ps) from the products of
baculovirus-expressed rotavirus genes. The resultant particles
are noninfectious and can be designed to contain structural
proteinsfrom multiple serotypes. Thisrecombinant particle
vaccine would be given parenterally, and the results obtained
thusfar in animals have been promising. Oral vaccination with
VLPs could also be considered with or without mucosal adju-
vants.

Animal studies performed by aNIAID grantee have indicated
that VP6 may be agood vaccinetarget. IgA monoclonal anti-
body directed against this protein provides protective immunity
against rotavirus in mice. Efforts are also underway to produce
subunit vaccines expressed in bacteria to a number of rotavirus
proteins. Another NIAID granteeis testing the possibility of
using gene gun-administered DNA vaccines to induce protec-

tion against rotavirusin animals. The DNA vaccines, which were
also administered orally after the DNA was encapsulated in
microspheres, were shown to be immunogenic and protectivein
mice. Studies of this nucleic acid vaccine approach are proceed-

inginpigs.

Cadliciviruses have been shown recently to be significant con-
tributors to diarrheal disease burden in children and adults
[(2000). Journal of Infectious Diseases, 181(Suppl. 2), S249-
S391.]. The capsid proteinsfrom anumber of caliciviruseshave
been expressed in baculovirus-infected insect cellsand in hu-
man cells. When the protein accumulatesin high concentration,
VL Pssdlf-assembleand can be purified. These VL Psareimmu-
nogenic and protective as vaccinesin animals. In aphase |
humantrial, Norwalk V L Ps showed rather modest immunogenic-
ity when orally delivered. Addition of amucosal adjuvantis
planned for future studies. Measurement of vaccine efficacy is
also planned and will require administration of wild Norwalk
virusin achallenge protocol. NIAID ischaracterizing anew
challenge pool to serve as areference for future Norwalk virus
vaccine efficacy studies.

Development of an edible vaccine strategy for Norwalk virus has
also begun. Transgenic potatoes expressing Norwalk capsid
protein (some of which forms VLPs) have been found to be
immunogenic in human volunteers. Further studiesto measure
the protective efficacy of such edible vaccines await availability
of the challenge model.

SHIGELLA

Shigellosis (bacillary dysentery) is endemic throughout the
world. More than 90 percent of all casesreported in the United
States were caused by Shigella sonnei. Although there are 30
serotypes of shigellae, usually only 2 or 3 serotypes predomi-
nateinagiven area. S. sonnei predominatesin industrialized
countries, whereas Shigella flexneri is most commonly found in
developing countries; both are associated with endemic disease.
Shigella dysenteriae causes epidemic outbreaks of dysentery,
aswell assignificant endemic disease. Therefore, acomprehen-
sive vaccine approach to controlling shigellosis must include
components of all three species. There are currently no licensed
vaccinesavailable against Shigella.

Early studies showed that the O somatic antigens of Shigellaare
major immunogens and that the most effective attenuated vac-
cines were those that transport these immunogens to mucosal
tissues where they can generate alocal or mucosal immune
response. Limited tissue invasion of the vaccine strain would
also likely generate abetter cell-mediated immune response,
thought to be important for protection against invasive patho-
gens such as Shigella. The main problem in developing Shigella
vaccinesisthe very small safety margin that exists between a
strain that is too reactogenic and one that is overattenuated and
sufficiently immunogenic.
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Investigators at WRAIR have developed an attenuated S
sonnei vaccine WRSS1, which wastested recently in NIAID-
supported phase | trials at the Center for Vaccine Development
at the University of Maryland in Baltimore. The strain is attenu-
ated by deletion of aportion of thevirG gene. It was only mildly
reactogenic, while exhibiting good antigenicity. The Department
of Defense plans further field testing of this very promising
vaccine candidate.

Investigators at the Pasteur Institute have made a virG, iucA
deletion mutant of S. flexneri 2a(strain SC602) that demon-
strated 100-percent protection against severe shigellosisin
seven North American volunteers when they were challenged
withvirulent S. flexneri 2a. However, thisstrain still induced
shigellosis at higher doses. Auxotrophic mutants are also being
evaluated as attenuating deletionsin S. flexneri 2a. Researchers
at the Center for Vaccine Devel opment have created deletionsin
aroA andvirG (strain CvVD 1203), guaBA and virG (CVD 1205).
Deletion of theguaBA genesalone (CVD 1204) or guaBA and
the genes encoding two enterotoxins (CVD 1208) have also been
created and will be tested in NIAID-supported studiesin the
near future.

Efforts also are underway in the laboratory of Dr. Robbins at
NICHD to develop parenteral vaccines composed of detoxified
Shigellalipopolysaccharide-protein conjugate. A randomized,
double-blind study has been conducted in Isragli military volun-
teers, and it demonstrated 74-percent protection. A recent study
of O-specific polysaccharide conjugates from S. sonnel and S.
flexneri 2a demonstrated safety and immunogenicity in children
4to 7 yearsold.

TyPHOID

Typhoid fever remains a serious public health problem through-
out theworld, with an estimated 16 to 33 million cases and
500,000 deaths annually. It also isaseriousthreat to travelers
visiting endemic areas. In the United States, approximately
12,000 caseswerereported in 2001. Invirtually all endemic areas,
theincidence of typhoid fever ishighest in children from 5to 19
yearsold, which isimportant since school children can beimmu-
nized readily through school-based immuni zation programs.

Parenteral whole-cell vaccinesarelicensed for typhoid fever,
though they are rarely used because they are only marginally
effective and they produce adverse reactions in many vaccinees.
Oral killed whole-cell preparations, though not reactogenic, are
also not protective against Salmonella typhi. Therefore, efforts
arenow directed at the use of purified virulence (Vi) antigens
(seebelow) or live, orally administered preparations of demon-
strable efficacy.

An important advance for the control of typhoid fever has been
the development of the attenuated S. typhi strain Ty21afrom
strain Ty2. This strain was extensively tested in Egypt and Chile,
and athough its efficacy may vary widely from site to site and

Edible Vaccinein Potatoes

with vaccineformul ation, the Ty21avaccine has been remark-
ably safe and reasonably immunogenic. It waslicensed in the
United Statesin 1991 and is presently being used primarily asa
vaccinefor travelers. Ty2l1ais produced by BernaBiotech, Ltd.

In collaboration with the Pasteur Institute, NICHD has devel-
oped aparenteral, nonreactogenic, immunogenic, purified Vi
vaccine. Clinical trialsin Nepal and South Africademonstrated
that asingle injection of the Vi vaccine has an efficacy of about
7210 80 percent. SincetheVi vaccineis effective after only one
immunizing dose, it appearsto offer some advantages over the
Ty2lavaccine, which requires at least three doses and a strict
cold chain. The Vi vaccine has been licensed in France and
several countriesin Africa; the manufacturer is currently assem-
bling datato apply for alicense in the United States. The Vi
vaccine also isbeing considered for local production in develop-
ing countries. Through the efforts of the Diseases of the Most
Impoverished Program being conducted by the International
Vaccine Ingtitute (Seoul, South Korea), the technology for pro-
ducing this vaccine has been transferred already to China and
Vietnam. Locally produced vaccine should betested in the re-
gionin the near future.

Of amore experimental nature, several groups of investigators
have been developing attenuated deletion mutants as live oral
typhoid vaccines. Metabolic pathways and genes critical to
virulence expression have been targeted. These include the
double aro mutants, aro/pur mutants, cya/crp, and phoP/phoQ
mutant. Several of these mutants have been used in early clinical
trials with varying degrees of success. The focus of this discus-
sion will be on recent efforts.

The Center for Vaccine Devel opment has been pursuing double
aro mutants derived from wild-type strain Ty2. CVD 908 was
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shown to be incompletely attenuated because it induced bacter-
emiain 6 of 12 volunteersat adose of 5x107 colony-forming
units. Theadditional deletion of htr A madeit clinically more
acceptable. These vaccine strains are being developed by
Acambisin the United Kingdom.

Cholera Clinicin Bangaladesh courtesy Sephen Calderwood

Another vaccine candidate developed by investigators at Wash-
ington University, St. Louis, isthe cya/crp/cdt triple deletion
mutant of Ty2. The cya/crp double mutant was found in clinical
trials to be incompletely attenuated. Therefore, a portion of the
gene adjacent to the crp locus was deleted. This gene was des-
ignated cdt since its apparent function is to control dissemina-
tion of Salmonellaout of theintestinal tract and GALT to visceral
organs in animalsinfected with Salmonella typhimurium or
Salmonella choleraesuis. The strain of S. typhi containing
equivalent deletions has been named , 4073. This strain or de-
rivatives thereof containing the balanced lethal plasmid expres-
sion vector have been used in two different clinical trials and
shown to be well tolerated and immunogenic. Most of the vac-
cines studied to date have employed strain Ty2 as the parent.
Because this strain has been maintained in the laboratory since
1918 and probably contains a number of unknown mutations, a
recent clinical isolate (ISP 1820) hasbeen similarly attenuated in
an attempt to define more clearly the genes contributing to viru-
lence. Strain 8110 ?cya-27[crp-cdt] wastested recently in volun-
teersat the NIAID-supported St. Louis University VTEU, but
was found to be unacceptably reactogenic.

The other strain being actively pursued as a vaccine against
typhoid is TY 800, a phoP/phoQ deletion mutant of Ty2. The
phoP/phoQ virulence regulon is a two-component system com-
posed of amembrane-bound kinase (PhoQ) and a cytoplasmic

transcriptional regulator (PhoP). This system regulates a number
of genes that contribute to Salmonella pathogenesis, and its
deletion from Ty2 has created a vaccine candidate that appears
to be well tolerated and highly immunogenic (high antibody-
secreting cell response) in an admittedly small number of volun-
teersto date. NIAID ishopeful that phase | and Il trials with this
strain can be conducted in the near futureinits VTEU facilities.
Avant Immunotherapeutics, Inc., is developing this vaccine.

The recent demonstration of the attenuating effects of aDNA
adenine methylase (dam) deletion on S typhimurium pathogen-
esisin amouse model hasidentified another virulence factor
that could be targeted for deletion in human vaccine strains.
This gene, which may be another global regulator, also may be
an important contributor to virulence in other bacterial patho-
gens, including other enteric pathogens.

Because S typhi isan invasive organism, it is expected that a
significant cell-mediated immune response will be animportant
component of protection. Additionally, it is still assumed that
Salmonella vectors can be devel oped to express foreign antigens
and serve as multivalent vaccines capable of protecting against
more than one disease by oral immunization. Although encour-
aging results have been demonstrated in animals, this concept
has yet to be demonstrated convincingly in humans.

CAMPYLOBACTER

Campylabacter isthe leading cause of bacterial foodborne gas-
troenteritisin the United States, with an estimated 2.5 million
casesoccurring annually [Mead, et al. (1998). Emerging Infec-
tious Diseases, 5, 607-625.]. Thereisno vaccine currently avail-
able.

A whole-cell killed vaccine devel oped and tested in animalsand
inasmall number of volunteers at the Navy Medical Research
Ingtitute is now being devel oped along with Antex Biologics and
SKB. This Campylaobacter vaccine consists of inactivated
Campylobacter whole cell s plusamutant toxin adjuvant. Earlier
studies with this adjuvanted vaccine indicated that it was safe
and immunogenic in asmall number of volunteers challenged
postvaccination with a pathogenic Campylobacter strain. Data
from animal models showed that the vaccine provides protective
immunity against liveinfections and illness. Thisvaccine has
been developed by the military because of the incidence of
Campylabacter infection in their deployed personnel. If avail-
able, it also may be of use asatravelers' vaccine.
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Fungal I nfections l

OVERVIEW

Infections caused by systemic fungal pathogens are a signifi-
cant health problem in the immunocompetent and the
immunocompromised host. Fungi that regularly infect and cause
disease in otherwise healthy hosts are termed primary patho-
gens. These include Coccidioides immitis, Histoplasma
capsulatum, Blastomyces dermatitidis, Paracoccidioides
brasiliensis, and, on occasion, Cryptococcus neoformans. Op-
portunistic fungal pathogens, which moretypically require
immunosuppression to infect the human host, include Candida
albicans, which isanormal inhabitant of the human gut, and
Aspergillus fumigatus, which is ubiquitous in the environment.
The primary fungal pathogens each occupy a discrete ecologi-
cal niche. C. immitisisfound in the soil of the Southwestern
United States, Mexico, Central America, and South America. H.
capsulatum can be found in soils enriched with guano from
bats, chickens, and starlings, with a highly endemic focus along
the Mississippi River, but with documented occurrence
throughout the world. B. dermatitidisis believed to be present
inmicrofoci of soil worldwide, but isprimarily in geographic
regions of North Americathat overlap those of H. capsulatum.
Historically, it has been difficult to isolate B. dermatitidisfrom
the environment, but it probably occupies a different niche than
does H. capsulatum. Recent studies have found B. dermatitidis
in moist, rich soil at the banks of rivers and waterwaysin en-
demicregions. P. brasiliensis, the etiologic agent of
paracoccidioidomycosis (South American blastomycosis), is
restricted to South and Central America. It has an affinity for
shady areas and moist vegetation, particularly near rivers and
lakes, with micronichesin thearmadillo’shole or inthe soil rich
in organic matter wherethisanimal usually feeds. Virulent
strains have been isolated frequently from naturally infected
armadillos (Dasypus novemcinctus). Theincreasing incidence of
paracoccidioidomycosis in the Amazon region can be associ-
ated with recent agricultural settlements, deforestation, and soil
churning. Worldwide, roughly 10 million people may beinfected
with P. brasiliensis, and as many as 1 to 2 percent of these
people may develop the disease. C. neoformans can be found in
soil contaminated with pigeon guano and is prevalent world-
wide. Infectionisinitiated by inhalation of microscopic forms of
each fungus from a point source in nature.

The true incidence of infection by these agentsis difficult to
assess because the diseases are not reported nationally and can
be difficult to diagnose. With the exception of the latex aggluti-
nation test for cryptococcal capsular polysaccharide antigen,
there arefew widely available serologic teststo facilitate rapid
laboratory identification of the systemic mycoses. Definitive
diagnosis usually depends on culture of the etiologic agent.
Recent developmentsin molecular studies of C. immitis, which

include cloning and expression of the diagnostic complement
fixation (CF) antigen, aswell asreports of asensitive polymerase
chain reaction-based method for detecting coccidioidal DNA in
patient sputum, provide the basis for new clinical methods of
rapid and inexpensive diagnosis of coccidioidomycosis.

Frequency of major fungal infections in
organ transplant recipients
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It has been estimated, based on the results of skin tests, that
there are between 25,000 and 100,000 new infectionswith C.
immitis each year. The respiratory disease, known as Valley
Fever, can occur in epidemic proportions; 1,500 seroconversions
were documented in one county in Californiain 1991, whereas
the number of officially reported cases for the entire State was
lessthan 1,300. Thisfinding emphasi zes the problem of
underreporting for these diseases. The epidemicin California
resulted in more than 3,000 cases occurring in Kern County
alonein 1992. It was estimated that the epidemic resulted in more
than $45 millionin medical costsin Kern County between 1991
and 1993. The California Department of Health sponsored a
conference on coccidioidomycosisin 1993. The development of
avaccine was considered to be a promising approach for the
prevention of the disease. The Valley Fever Research Founda-
tion, aprivate foundation incorporated in 1993, commissioned a
vaccine feasibility study. The study concluded that a vaccine
effort should go forward. Current efforts focused on the devel-
opment of a vaccine against coccidioidomycosisinvolve acon-
sortium of seven laboratories funded by research grants from
the National Institute of Allergy and Infectious Diseases
(NIAID) and the CaliforniaHealthCare Foundation.

The number of cases of Valley Fever in the Tucson and Phoenix
areasincreased by 66 percent between 1991 and 1992. A serious
complication of theinfectionismeningitis, alife-threatening
diseasethat isdifficult to treat. Primary infections that appar-
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ently have resolved spontaneously may leave dormant but
persistent fungal elementsin lung tissue. Relapse with fungal
diseases, such as Valley Fever, isviewed as apotentia crisis
among immunocompromised patients, such as those with ac-
quired immunodeficiency syndrome (AIDS). One prospective
study documented a prevalence of 25 percent in one cohort of
human immunodeficiency virus (HIV)-infected patientsover a
41-month periodin highly endemic areas.

Histoplasmosis also is associated with epidemicsin immuno-
competent hosts. However, it is becoming an increasingly impor-
tant infection in immunocompromised hosts, such as those with
AIDS, where the incidence of this fungal disease can be as high
as 27 percent. Histoplasmosis can resemble tuberculosis and has
been misdiagnosed as such. In one study, 19 percent of the
patients with histoplasmosis also had tuberculosis. The disease
is geographically widespread, with reports from every continent
except Antarctica, and 500,000 new infections are estimated to
occur annually in the United States. It is estimated that 99 per-
cent of these infections resolve spontaneously; the remaining 1
percent progress to chronic or disseminated disease. The rea-
sons for this progression in otherwise healthy individuals re-
main unknown. Clinical disease can be classified asmild, moder-
ate, and severe, with the latter category being the most difficult
to treat with available chemotherapy. Given the widespread
distribution of disease, theinability to prevent acquisition from a
point source in nature, and the remaining problems with antifun-
gal therapy, avaccine for this disease would have obvious pub-
lic health benefits.

Blastomycosis occurs mainly asasporadic infection inimmuno-
competent hosts, but many cases of opportunistic infection
among AIDS patients and other immunocompromised hosts
have been described. The true incidence and preval ence of
blastomycosis are unknown, but appear to be lower than those
of the other systemic mycoses described here. A distinguishing
feature of blastomycosisisthe high proportion of clinically
significant disease among infected persons, highlighting the
organism’s pathogenicity. Another feature of blastomycosisis
that it isacommon infection among dogs that reside in endemic
areas. The severity of most canine infections also is evidence of
the potential of B. dermatitidis as a primary pathogen.

Although immunosuppressive therapy and infection with HIV
are recognized risk factorsfor the development of severe, pro-
gressive coccidioidomycosis and histoplasmosis, they are not
prerequisites for human infection with these fungi. Both are
primary pathogens. In addition, subclinical infection with these
fungi and with C. neoformans poses a threat of subsequent
reactivation to a progressive form of disease with the advent of
immunosuppression. Cryptococcosis (cryptococca meningitis)
isaworldwide problem for immunosuppressed patients. Sub-
clinical infection with C. neoformans may be more prevalent than
previously estimated. Based on recent findings of Casadevall’s
group, exposure to C. neoformans occurs regularly as evidenced
by seroconversion in young childrenin New York City. Inthe

United States, cryptococcosisisawell-known AIDS-defining
illnessand occursin 7 to 11 percent of patientswith AIDS. A
hospital survey in New York City documented morethan 1,200
cases of cryptococcosisin 1991 that were primarily associated
with HIV-infected patients, resulting in ayearly prevalence of 6
to 8 percent in this population. Cryptococcal meningitisisalso
prevalentin HIV-infected individualsin Africa, where the costs
of antifungal therapy can be prohibitive. Even with the advent of
newer antifungal drugs, such asthe triazoles, treatment remains
suboptimal, and no existing treatment is curative. The situation
for coccidioidomycosis and histoplasmosis in patients with
AIDSissimilar.

M echanisms of virulence for the pathogenic fungi are poorly
defined. The fungi considered above lack toxins that could serve
as good targets for arationally designed vaccine. In addition,
they possess a complex, eukaryotic genome that makes elucida
tion of their molecular biology more difficult than that for either
their viral or bacterial counterparts. However, fungi do present
numerous effective antigens as demonstrated by the host’s
responseto infection. In general, cell-mediated immunity is
thought to be more important in recovery from infection than the
antibody response. One possible exception is cryptococcosis, in
which antibody specific for the capsular polysaccharide has an
opsonizing effect on the encapsulated fungus. With an ever-
expanding immunocompromised host population at risk for al of
these fungal infections, and with the inability of even new anti-
fungal agentsto eradicate fungi from infected patients, serious
consideration must be given to the preventive or therapeutic
role of antifungal vaccines. The past 20 years of progressin
vaccine devel opment for the medically important fungi can be
viewed as atime of transformation of thefield in preparation for
achieving the goal of licensed, effective, and safe vaccines for
these complex microbes. The best characterized and largest
efficacy trial for avaccinefor asystemic fungal infection was
conducted 20 years ago with the evaluation of thekilled C.
immitis spherul e vaccine (conducted between 1980 and 1985 and
published in 1993). That effort, described below, fell short of the
goal and was confounded by the need to dilute the protein
concentration of thewhole-spherule vaccine by 1:1,000 relative
to the protective dose in mice to circumvent the problems of
swelling and discomfort at the injection site observed with undi-
luted doses. The authors concluded, “A different physical form
other than the whole spherules must be sought to increase the
tolerahility of theimmunogenic component. .... If theimmuno-
genic material is protein, the active epitopes may be determined
by peptide sequencing, which may permit synthesisin vitro by
recombinant methods. Thismay provide avaccinewith amini-
mum of other irritant components present in the whole spher-
ule.” During the ensuing two decades, thefield of medical my-
cology gained substantially in technology and is now poised to
return to the challenge with the renewed tools necessary to
confront the design of vaccines for these eukaryotic pathogens.
Theimportant scientific advancein thefield of medical mycol-
ogy of significance to vaccines was, therefore, the noteworthy
development of thefielditself.
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NIAID encouraged the development of research with an ultimate
goal of developing vaccine approaches to the invasive mycoses,
particularly over the last decade. The NIAID Workshop in Medi-
cal Mycology series focused on the following areasin each of
five separate events: Molecular medical mycology, diagnosis
and treatment, fungal vaccines (antigenic peptides and
glycobiology), immunology (parts 1 and 2), and epidemiology
(see http://www.niaid.nih.gov/dmid/meetings). Additionally,
recent solicitations also provided for vaccine research opportu-
nities (PA 96-061, Modern Vaccines for Mycoses and Meadles;
RFA Al 98-002, Mycology Research Units). Vaccine-related
applications were funded under both solicitations (e.g., one
program project, PO1A1037232, Kirkland, T., Principal Investiga-
tor, Molecular Strategies Toward a CoccidioidomycosisVaccine;
and oneresearch project, RO1A 1025780, Levitz, S., Principal
Investigator, Immune Responses to Cryptococcal Infections).
Additionally, investigator-initiated research proposals focusing
on vaccine approacheswerefunded (e.g., RO1A1034361, Deepe,
G, Principal Investigator, Protective Antigens From Histoplasma
capsulatum; and grants were awarded to the work noted in the
fungal section sources). Therefore, the community has suc-
ceeded in following the consensus of the third workshop in the
NIAID mycology serieswhereit was noted: “L eading research-
ers studying a variety of fungal pathogens say that thereisa
major shift in thinking regarding vaccines. Thus, the prevailing
question of whether vaccines should be considered as a practi-
cal way of preventing fungal diseasesis being challenged by the
questions of which ones and when.”

The challengesthat lie ahead are much the same in medical
mycology as for parasitology, or oncology, where the design
issues must address the complexity of eukaryotic systemsrela-
tive to the smaller genome-sized bacteriaor viruses, and must
address the related issue of eukaryotic target in the context of a
eukaryotic host. With the beginning of the new century, there
still are no fungal vaccines licensed for usein the United States,
and the field has not yet moved the newer technol ogies from the
research bench into the target populations. Yet, there is contin-
ued advancement toward this goal as evidenced by two repre-
sentative examples. First, the NIAID Mycoses Study Group
launched aphasel clinical trial on July 5, 2000, “ A Phase| Evalu-
ation of the Safety and Pharmacodynamic Activity of aMurine
Derived Anticryptococcal Antibody 18B7 in HIV-Infected Sub-
jects Who Have Responded to Therapy for Cryptococcal Men-
ingitis.” That monoclonal was generated by stimulation with a
glycoconjugate vaccine for C. neoformans (see below). Also, in
work described below, alive attenuated vaccinefor B.
dermatitidis was described and tested in mice. Blastomycosisis
an attractive model disease for fungal vaccine devel opment
because of the prevalence of canine disease in the endemic
areas, and the potential for validating afungal vaccine in natu-
rally occurring mammalian hosts.
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BLAsToMYCOSIS

Spores are inhaled into the lungs and converted into budding
yeasts, which are large and relatively resistant to phagocytosis
and killing by the neutrophils and mononuclear effector cells
that constitute the early inflammatory response. Within several
weeks after infection in humans and experimental animals, the
host develops acquired immunity to B. dermatitidis as evi-
denced by the appearance of delayed-type hypersensitivity,
proliferation of lymphocytesin vitro, and circulating antibodies
in response to antigens of the fungus. In a murine model of
blastomycosis, T lymphocytes but not serum passively trans-
ferred from immuneto naive animals conferred protection, sug-
gesting that immunity resides chiefly with antigen-specific T
cdls.

A 120-kD protein, designated Blastomycesadhesin 1 (BAD1)
(formerly termed WI-1), isdisplayed on the surface of B.
dermatitidis yeasts and is an immunodominant antigen during
human, canine, and experimental murineinfection. Human pa-
tients develop strong antibody and T-lymphocyte responses to
determinants of BAD1. BAD1 has been cloned and sequenced
and shown to contain 30 copies of arepetitive domain of 25
amino acids similar in sequenceto abacterial adhesin, invasin.
This so-called tandem repeat mediates binding of the yeast to
integrin receptors on human cells, and the expression of BAD1
isaltered on genetically related strains of B. dermatitidis that
differ invirulencefor mice, suggesting that BAD1 playsarolein
the pathogenesis of blastomycosis. Human, murine, and canine
infection are associated with the development of high antibody
titers directed against the tandem repeat. The functional role of
monoclonal anti-BAD1 antibodiesis under study, and some
appear to enhance infection. T lymphocytes from human pa-
tients with blastomycosis respond strongly to BAD1 in vitro. At
the clonal level, these cells are directed chiefly toward epitopes
displayed in a short segment of amino acids at the N-terminus.
BAD1 isimmunogenicin mice, where protective efficacy has
been shown. This supports its vaccine potential, although harm-
ful and beneficial segments of the antigen may need to be sepa-
rated.
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A genetransfer systemisavailablein B. dermatitidis, and BAD1
has been disrupted by homologous recombination. BAD1
knockout yeast bind poorly to host tissue and are nonpatho-
genicinamurinemodel of pulmonary blastomycosis, emphasiz-
ing therole of thisadhesin in virulence. BAD1 is phase regu-
lated, expressed in yeast but not mold, linking morphol ogy with
pathogenicity. Animalsthat clear BAD1 knockout yeast can
resist alethal pulmonary challenge with wild-typeyeast. There-
fore, BAD1 knockout yeast serve as alive attenuated vaccine.
Antigens responsible for this resistance are under study. The
considerable clinical importance of canine blastomycosisin
veterinary medicine provides a unique target population of dogs
forinitial clinical investigation of novel vaccineformulations,
such as naked DNA or attenuated strains.
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CANDIDIASIS

Candidiasisis aleading group of opportunistic mycoses caused
by any of several species of the genus Candida. Most notewor-
thy examplesinclude C. albicans, C. tropicalis, and C. krusei.
These and other Candida species are normal inhabitants of
humans and usually livein harmony with the mammalian host.
Factors predisposing to disease include chemical immunosup-
pression, surgical trauma, and underlying diseases such as

diabetesand AIDS. Neutropeniaisamajor risk factor; patients
undergoing immunosuppression to prevent rejection of bone
marrow or organ transplantation are particularly vulnerableto
infection from either endogenous or exogenous sources.

Image Couresy of L Aelo
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Candida Albicans

Novel advances in the identification of protective antibody in
models of cryptococcosis described in this report have given
hope that anal ogous situations may pertain to other opportunis-
tic mycoses, including candidiasis. Indeed, a protective anti-
body has beenidentified for C. albicansin an animal model
system. Antigen delivery was key to demonstrating that a man-
nan adhesin from the fungus could generate immunoprotection.
Liposome encapsulation of a mannan adhesin fraction of yeast
cells, and conjugation of the mannan to a carrier protein have
been used to generate protective antibodies that are functional
in vaccinated mice and could be passively transferred to protect
normal and immunocompromised mice. Protectiveand
nonprotective antibodies were identified. The latter can be use-
ful in addressing the controversy generated in previous studies
where circulating antibodies did not correlate with protection.
Two murine monoclonal antibodies, animmunoglobulin (Ig) M
antibody B6.1 and an |gG3 antibody C3.1, have been demon-
strated to be protective in passive transfer experiments, and
thereisconsiderableinterest in examining therole of immuno-
therapy as an alternative to chemotherapy in human candidiasis.
Because of the newly acknowledged problem of antifungal drug
resistance in Candida, these findings are of special relevance.
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CocciblioIbOMYCOSIS

Spores of C. immitis areinhaled into the lungs, where they un-
dergo amorphological conversion to aparasitic, spheruleform
of growth. The spherule enlarges and subdivides into propaga
tive units that are released to repeat the cycle. Patients develop
delayed-type hypersensitivity as a consequence of infection.
Although complement-fixing and precipitating antibodies are
produced during the course of infection, they do not seem to be
protective. Infact, high titers of complement-fixing antibodies
areapoor prognostic sign. In experimental infections, immunity
istransferred by thymus-derived lymphocytes (T cells), but not
by serum.

An experimental vaccine has been prepared from formalin-killed
spherules of the fungus grown in vitro. After it was demon-

Coccidioidomycosis Immitis

strated that the vaccine increased survival in animals efter a
lethal experimental challenge, aphaselll trial wasundertakenin
human volunteers. The study groups were from Arizona and
Cadliforniaand were demonstrated to be skin test negative to
spherule antigen and to coccidioidin before vaccination. A total
of 1,400 subjectsreceived theformalin-killed spherulin vaccine
(1.75mg per injection, with atotal of 3injections), and 1,400
others received placebo. The results of the trial indicate that the
vaccine did not prevent clinically apparent coccidioidomycosis.
In experimental trialsin mice, the vaccinedid not prevent infec-
tion, but did prevent progressive disease and death. Because
progressive disease did not occur in either the control or vacci-
nated human groups, it was not possible to evaluate these po-
tential protective effects. Failure of thistrial could have been
caused by dose-limiting irritation at theinjection site from toxic
components of the fungus. That is, the dose used in the human
trial was reduced to less than 1/400 of the amount of the spher-
ule vaccine needed to protect mice on a body-weight basis.

Disruption of the whole-spherule vaccine and centrifugation of
the homogenate at 27,000 X gravity yielded a supernatant prepa
ration (designated 27 K) that was as protective in mice asthe
killed-spherulevaccine. Cell wallsfrom mechanically disrupted
spherules have aso shown to produce protection, and when the
wallswereincubated in phosphate-buffered saline containing 1-
percent chloroform as a preservative, a soluble fraction was
obtained that induced strong protection against challenge.
Alkaline extraction of cell wallshasalso been reportedtoyield a
solublefraction (designated C-ASWS), which protects mice
against challenge with C. immitis. The protective component of
the C-ASWS extract was shown to be a glycosylated protein
having antigenic identity with the polymeric antigen in coccid-
ioidin that had been designated Antigen 2 (Ag2). In other stud-
ies, a33-kDA peptidewasisolated from achemically
deglycosylated lysate of spherules. The 33-kDA peptide ex-
pressed T and B-cell epitopes and, when examined by tandem
immunoel ectrophoresis, showed complete fusion with the an-
odal precipitin peak of the Ag2 polymer; hence, itsantigenic
identity with the protein moiety of Ag2. The gene that encodes
Ag?2 has been cloned by two groups of investigators and, when
expressed in Escherichia coli, yielded a proline-rich antigen
(PRA) having amolecular size of 19.4 kDA. Immunization of mice
with the recombinant Ag2(PRA) protein induced protection
against challenge, but asignificantly greater level of protection
wasinduced in miceimmunized with Ag2(PRA) cDNA. The
protective effects of recombinant Ag2(PRA) or the Ag2(PRA)
gene vaccine were associated with, and thought to be attribut-
ableto, theinduction of T helper 1 (Th1) responses, evidenced
by the acquisition of adelayed footpad hypersensitivity re-
sponse in mice, and increased production of interferon gamma
(IFNg).

Additional vaccine-related research is underway with various
fractionsof C. immitis. A 48-kDA T-cell-reactive protein (TCRP),
which is expressed in the cytoplasm of spherules, was shown to
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stimulate proliferation and IFNg production by T cells of spher-
ule-immunized mice. The gene encoding this antigen was cloned
and found to have 70 percent homology with mammalian 4-
hydroxyphenylpyruvate dioxygenase. Miceimmunized with the
recombinant TCRP had approximately 1.5 log lower burden of C.
immitisintheir lungsafter intraperitoneal infection. Similar ex-
perimentswere performed with arecombinant protein expressed
by the gene that encodes C. immitis heat shock protein 60
(HSP60). The recombinant HSP60 induced proliferationof T
cellsfrom HSP60-immunized mice, but did not induce protection
against challenge. Morerecently, two additional T-cell-reactive
antigens have been isolated and cloned [a spherule outer wall
glycoprotein (SOWgp) and urease (URE)]. Both have been
shown to confer immunoprotection in mice against coccidioidal
infection.

Although recombinant antigens and gene vaccines have in-
duced protection against challenge with C. immitis, none of
these vaccines have induced alevel of protection comparable to
that of vaccines using either the killed spherule or native anti-
gensabtained from C. immitis cellsor cell walls. The reduced
efficacy of the recombinant and gene vaccines could be attribut-
able to inadequate presentation or processing by antigen pre-
senting cells. It isalso possible that amultivalent vaccine com-
prised of several T-cell-reactive molecul es expressed during
different stages of the parasitic cycle and conserved among
different isolates of the pathogen will be needed for optimal
vaccination against this fungal pathogen.
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CRYPTOCOCCOSIS

Yeast cells of C. neoformans are thought to be the infectious
form of the fungus. Inhalation of these cells establishes a pri-
mary pulmonary infection that is often not apparent. Meningitis
isthe typical manifestation of disease. Early diagnosis and treat-
ment can arrest but not cureinfection in AIDS patients; lifetime
suppressive therapy is required.

C. neoformansis delimited by a polysaccharide capsule and,
therefore, is unique among the major fungal pathogens of hu-
mans. The antibody response to the capsular polysaccharide is
minimal in clinically apparent infections. Because most patients
with cryptococcal meningoencephalitis have soluble capsular
polysaccharide in serum or cerebrospinal fluid, testing for anti-
gen isuseful in the diagnosis of thisinfection. The capsule of C.
neoformansis a known virulence factor, and attempts have been
made to induce a protective immune response against capsular
polysaccharide. I njection of mice with capsular polysaccharide
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Electronmicrograph of C. Neoformans Showing the
Characteristic Polysaccharide Capsule

alone or with adjuvants does not appear to result in sustained or
high-titer antibody response. However, conjugation of crypto-
coccal capsular polysaccharideto protein carriers may improve
the antibody response. Cryptococcal glucuronoxylomannan
conjugated to tetanus toxoid has been shown to be immuno-
genicinmice. Preliminary clinical trialswith aglycoconjugate
vaccine have been conducted to determine safety and antigenic-
ity. The ultimate goal isto develop avaccine that will protect
patients at high risk of developing cryptococcosis.

Antibody administration has been shown to enhance the effi-
cacy of amphotericin B, fluconazole, and 5-fluorocytosinein
mouse model s of infection. Studies of antibody efficacy in mice
have shown that antibody specificity and isotype are important
characteristics for antibody effectiveness. Vaccines that dlicit
primarily protective antibodies may be effectivein preventing
infection even if therole of naturally occurring antibody in pro-
tection is uncertain.

Confirmation of the protectiverole of antibody also comesfrom
studies showing that the infusion of monoclonal antibody can
prolong life and decrease fungal burden in mice challenged with
fungi by the intraperitoneal, intravenous, or intracranial routes.
Several protective murine monoclonal antibodies have been
used to construct mouse-human chimeric antibodies to the
cryptococcal polysaccharide; the goal of clinical studies, in this
case, isto determine the efficacy of passiveimmunization asan
adjunct to chemotherapy in cryptococcal meningitis.
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HistorLASMOSIS

Spores of H. capsulatum are inhaled into the lungs and con-
verted into budding yeasts that proliferate within cells of the
macrophage lineage. Theimportance of T-cell-mediated immu-
nity ininfectionisimplicit in the emergence of thisfungusasa
significant pathogen in AIDS. Aswith coccidioidomycosis,
antibodies can be diagnostic, but are not thought to play a major
protective role. Delayed-type hypersensitivity develops, and
immunity can be demonstrated following transfer of T cellsin
experimental models. These models have shown the expansion
of suppressor and helper cell linesin response to challenge with
fungal antigens. The recent devel opment of a transformation
system for H. capsulatum, and an increased knowledge of its
molecular biology should facilitate studies on pathogenesis and
virulence and provide at |east the methodological basisfor vac-
cinedevelopment.

HIS-62isa62-kD glycoprotein antigen isolated from cell wall
and cell membrane extracts of yeast cells of H. capsulatum. This
antigen induces cell-mediated immune responsesin C57BL/6,
BALB/c, and CBA/Jmice. Vaccination with 80 micrograms of
HIS-62 significantly protectsall three strains of mice against
lethal challenge with viable cells of thisfungus. In addition,
lymphocytes from humans exposed to H. capsulatum respond in
vitro to this antigen. The gene encoding this antigen has been
cloned and sequenced; it has a high homology with the gene
that encodes for HSP60. Recombinant antigen has been gener-
ated from E. coli, and it stimulates monoclonal populations of
antigen-reactive T cellsand polyclonal T cellsfrom miceimmu-
nized with H. capsulatumyeast cells. Vaccination with the re-
combinant antigen protects mice against pulmonary histoplas-
mosis. A fragment spanning amino acids 172-443 contained the
protective activity of HSP60, although it was not as effective as
the full-length protein. Studies are currently underway to deter-
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mine the mechanisms by which this protein confers protection
and to determine the family of T cells engaged by the protein.

H antigen from H. capsulatum has been identified as a 3-glu-
cosidase. Until recently, its utility has been restricted to sero-
logic detection of infection. In aprevious study, immunization
with this antigen failed to induce protectiveimmunity in amodel
of systemic histoplasmosis induced by intravenous injection of
yeast cells. However, a serendipitous finding prompted arein-
vestigation of the utility of H antigen asavaccine in apulmo-
nary model of histoplasmosis. C57BL/6 micewereimmunized
with H antigen and infected intranasally with either a sublethal
or lethal inoculum of yeasts 4 weeks later. Vaccination reduced
colony-forming unitsin animals and promoted survival ina
lethal challenge. The effect of H was durable since vaccination
protected miceif they were challenged 3 months
postimmunization. The efficacy of H antigen was associated
with production of IFN? and granul ocyte-macrophage colony-
stimulating factor, interleukin (1L)-4, and IL-10 by spleencells
from vaccinated mice. Hence, H may be an additional target for
development of a candidate vaccine.
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PARACOCCIDIOIDOMYCOSIS

Natural infection with P. brasiliensisis assumed to occur
through the respiratory route. Lungs are involved in the majority
of patients with paracoccidioidomycosis. Alveolar lesions are
exudative or granulomatous. The granulomatousinflammatory
response with formation of epithelioid tuberclesisthe most
effective defense against the invading fungus. In the acute
lymphatic forms, the fungus reaches the lymph nodes by the

afferent lymphatics. The earlier and more severe the lymph node
involvement, the worse the prognosis. In the chronic progres-
sive forms, dissemination of the fungus to mucocutaneous sites
and other organs is accompanied by avigorous cellular immune
response. As the infection becomes more severe, a depression
of cellular immunity may occur, leading to the anergic state. This
anergy can be reversed with successful treatment. Antibody
titerstypically rise, but do not confer protection in natural infec-
tion.

Given the similarities between paracoccidioidomycosisand
coccidioidomycosis and blastomycosis, it would be predicted
that native antigens exist that can be used to generate a protec-
tive immune response. Investigations are underway that support
thisprediction. Most actively studied isan exocellular 43-kD
antigen (gp43) from yeast cell cultures. It represents the major
diagnostic antigen and isimmunodominant. The gene for gp43
has been cloned and sequenced, and the immunodominant T-cell
epitope mapped to a 15 aa.peptide (P10). Theimmune response
elicited by either the gp43 or P10 involves T-CD4*, Th1 lympho-
cytes producing IFNg, which isakey cytokinein the immune
protection against P. brasiliensis. Mice knockout for IFNg re-
ceptor challenged intratracheally with virulent P. brasiliensisare
extremely susceptibleto theinfection, with rapid dissemination
and high mortality. Immunization with the gp43 or P10 markedly
protects Balb/c mice against the intratracheal challenge, with a
200-fold reduction in colony-forming unitsin thelungs, and little
or no dissemination to theliver or spleen. Recently, the DNA
fragment corresponding to the mature gp43 cDNA and signal
peptide was cloned into theVR1012 vector, and Balb/c micewere
injected with this plasmid to elicit an immune protection. A type-
1 cellular immune response was obtained that was protective
against intratracheal P. brasiliensisinfection. By using the
TEPITOPE algorithm, eight 15-mer peptide sequences of the
gp43 antigen, predicted to bind to multiple human histocompat-
ibility leukocyteantigen (HLA)-11 alleleswith high avidity, were
tested in proliferation assays with peripheral blood mononuclear
cellsfrom treated and cured patients. P10 was recognized by 71
percent of responders, and the combination of this peptide with
three other gp43 peptide sequences covered 100 percent of
peptide responders. The number of HLA aleles predicted to
bind, aswell astherelative avidity predicted by TEPITOPE for
each peptide, correlated with therank of T-cell proliferation
frequency, magnitude, and avidity. These results suggest that a
tetravalent vaccine including P10 and three other peptides of the
gp43 could be tested against human paracoccidioidomycosis.

Sources

Bagagli, E. (1999). Occurrence of Paracoccidioidesbrasiliensis
in armadillos. Importance to the ecology of the fungus. Seventh
International Meeting on Paracoccidioidomycosis, Abstract
MR-01, p. 37. Campos de Jordao, Sao Paulo, Brazil.

Campos de Jordao, Sao Paulo, Brazil. (1999). Abstract E-24,
p.160.

105



Fungal Infections

Cisdpino, PS., Puccia, R., Yamauchi, L. M., et al. (1996). Cloning,
characterization, and epitope expression of the major diagnostic
antigen of Paracoccidioides brasiliensis. Journal of Biological
Chemistry, 271, 4553-4560.

Iwai, L. K., Yoshida, M., Marin, M. L., Juliano, M. A., Hammer, J.,
Shikanai-Yasuda, M. A., Juliano, L., Goldberg, A. C., Kdlil, J,,
Travassos, L. R., & Cunha-Neto, E. (2001). Selection of potential
vaccine T-cell epitopes from gp43 of Paracoccidioides
brasiliensis based on prediction of peptide binding to multiple
HLA molecules. Scandanavian Journal of Immunology,
54(Suppl. 1), A5.M0on.5.1/1270 (Abstract).

McEwen, J. G, Garcia,A. M., Ortiz, B. L., et al. (1995). In search of
the natural habitat of Paracoccidioides brasiliensis. Archives of
Medical Research, 26, 305-306.

Pinto,A. R., Puccia, R., Diniz, S.N., Franco, M. F,, & Travassos,
L. R. (2000). DNA-based vaccination against murine
paracoccidioidomycosis using the gp43 gene from
Paracoccidioides brasiliensis. Vaccine, 18, 3050-3058.

Puccia, R., Schenkman, S., Gorin, PA. J., et al. (1986). Exocellular
components of Paracoccidioides brasiliensis. Identification of
aspecific antigen. Infection and Immunity, 53, 199-206.

Rodrigues, E. G, & Travassos, L. R. (1994). Nature of thereactive
epitopes in Paracoccidioides brasiliensis polysaccharide anti-
gen. Journal of Medical and Veterinary Mycology, 32, 77-81.

Taborda, C. P, Juliano, M. A., Puccia, R., et al. (1998). Mapping
of the T-cell epitopeinthe major 43-kilodalton glycoprotein of
Paracoccidioides brasiliensis, which induces a Th-1 response
protective against fungal infectionin BALB/c mice. Infection
and Immunity, 66, 786-793.

PyYTHIOSIS

Pythiuminsidiosumis afilamentous eukaryotic organism, previ-
oudly classified in the Oomycetes of kingdom fungi, but recently
moved to kingdom Stramenopila(Protoctista). The organismis
aquatic and has a flagellated stage. Cutaneous, subcutaneous,
and systemic disease can result in humans and horses and other
animal's as a consequence of traumatic implantation. When left
untreated, the mortality rateis 100 percent. Choices of chemo-
therapy are limited, and antifungal drugs are generally not effec-
tive. At least two different groups of investigators have gener-
ated promising results with therapeutic vaccines consisting of
hyphal extracts. Threeimmunodominant proteins (28, 30, and 32
kD) have been identified. Rates of 53-percent efficacy have been

reported following injections of such extractsinto infected
horses. Refinement of extracts by supplementation with purified
protein derivatives hasincreased efficacy to as much as 70
percent with chronic pythiosis, which isthe form least respon-
siveto treatment. This vaccine was effective in curing more than
300 horses with the disease. Three cases of vaccination have
been described in individuals from Thailand with pythiosisin
their arteriesrefractory to multiple courses of antifungal and
surgical therapy. The infection resolved following vaccination in
all cases. Recent studiesin experimental rabbits, 35 horseswith
theinfection from Texas, and 2 casesin humansfrom Thailand
have shown that immune modulation from Th2 to Thl response
is behind the curative properties of this vaccine. Investigators
havefoundthat IL-4, IL-5, IgE, 1gG isotypes(in study), and
eosinophils (all features of Th2 response) are present during
pythiosisinfections. Although IL-2, INFg, |gG isotypes (differ-
ent from the one detected before vaccination), T cytotoxic lym-
phocytes, and macrophages (all features of Thl response) arein
place 7 to 20 days after successful vaccination, in successfully
vaccinated humans and horses, IL-4, IL-5, IgE, and the eosino-
philia of the original immune response had vanished. These data
suggest that the modulation of the immune system by curative
vaccinesisfeasible. Similar datafrom therapeutic vaccines used
to treat cancer, alergic diseases, and infections caused by Leish-
mania spp. strongly support thisidea. Characterization of rel-
evant proteinsin P. insidiosumin arabbit model is under investi-
gation.
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Her pesvirus|nfections l

OVERVIEW

The eight human herpesviruses—herpes simplex virus types 1
and 2 (HSV-1and HSV-2); Epstein-Barr virus (EBV); human
cytomegalovirus (HCMV); varicella-zoster virus (VZV); and
human herpesviruses6, 7, and 8 (HHV-6, HHV-7, and HHV-8)—
areasignificant public health problem in the United States.
Most of the population has been infected with several of these
herpesviruses, and therefore has lifelong latent infections.

Clinical Manifestations

Primary infections are not usually severe or lifethreatening in
healthy persons, but many of the human herpesviruses can
produce severe or chronic active infectionsin certain individu-
als. While primary infection of young children with most herpes-
virusesis often unrecognized or mild, primary infection of adults
withVVZV or EBV can besevere. HSV and HCMV pose aparticu-
lar threat to newborns whose mothers have had a primary infec-
tion during pregnancy.

Reactivation-associated disease is often more severe than pri-
mary infection. HSV-1, HSV-2, and VZV are associated in some
individual swith frequent and/or painful recurrences that mani-
fest themselves as cold sores, genital herpes, and shingles,
respectively. Reactivation of herpesvirusesin individualswith
compromised or waning immunity may resultin severeandlife-
threatening illnesses such as HCMV pneumoniaand EBV-asso-
ciated lymphomas. Therefore, herpesviruses can pose a particu-
lar threat to acquired immunodeficiency syndrome (AIDS) pa-
tients, cancer patients, organ transplant recipients, and the
elderly. Induction of immunity that could withstand immunosup-
pressive regimens would bring significant benefit to these pa-
tients. An additional concern with reactivation is that asymp-
tomatic individuals shedding reactivated virus may serve as
reservoirs for herpesvirus transmission.

Herpesvirus infection aso can have long-term consequences. In
certain geographical areas and in certain populations, EBV is
associated with nasopharyngeal carcinomaand with Burkitt's
lymphoma. Morerecently, the association of EBV with
Hodgkin'slymphoma, T-cell lymphomas, and some gastric carci-
nomas has been suggested. HHV-8 is now recognized as the
herpesvirus associated with Kaposi’s sarcoma. There also has
been suggestion of an association between herpesviruses and
certain chronic diseases, including HHV-6 and multiple sclero-
sis, and HCMV and heart disease.

Challenges in Developing Her pesvirus
Vaccines

Clinically, the goals of immunization against herpesvirusesin-
clude reducing the severity of disease associated with primary

infection, reducing the frequency of reactivation of latent virus,
limiting the severity of reactivated disease, and restricting the
transmission of virus associated with either primary or reacti-
vated infection. For most human herpesviruses, thereis reason
to believe that at least some of these goals should be achiev-
able. Oneeffective herpesvirusvaccine, VZV vaccine, isalready
licensed and in use. For other herpesviruses, there is evidence
that natural infection can provide at least partial protection
against subsequent infection by different viral strains. Further,
there are several effective herpesvirus vaccinesin use in domes-
tic animals (e.g., pseudorabies virus, Marek’s disease virus,
feline herpesvirus, equine herpesvirus, and bovine herpesvirus).
Experimental vaccination also can provide protection in herpes-
virus animal models. Nevertheless, there are several aspects of
vaccine research and development that are complicated by
unique properties of herpesviruses and their interactions with
their hosts.

| mmune Correlates of Protection

Defining the nature of protectiveimmunity for herpesvirusinfec-
tionsis complex because different specificities and types of
responses may be needed to prevent primary disease, prevent or
limit the establishment of latency, prevent or limit reactivation,
control the severity of reactivation disease, and minimizethe
shedding of infectious virus. In primary infections, the role of
antibody isgenerally limited, with CD8* T cellsand/or CD4* (T
helper 1) acting foremost in clearing virus. Cellular responses
also appear to be essential for limiting the replication and/or
spread of reactivated virus. Considerably more work is needed
to delineate more precisely the protective responses unique to
each of the human herpesviruses. New approaches for measur-
ing specific immune responses, such as flow cytometric assess-
ment of intracellular cytokine production and tetramer analysis,
are expected to be valuable in thisregard.

Mucosal | mmunity

Most human herpesviruses infect via mucosal surfaces; reacti-
vated infection may occur at such sites, and free virusis typi-
cally shed from such sites. Thus, systemic immunity may not
provide adequate protection against initial or recurrent infection,
or virus shedding and transmission; antibody at mucosal sur-
faces and/or cell-mediated response within mucosal tissues may
be required. While the nature of mucosal immune responsesis
not well understood, it is clear that immunization protocols that
successfully induce systemic immunity may not induce ad-
equate humoral and cellular responses at mucosae. Therefore, a
major area of interest in herpesvirus vaccine research isthe
development of strategies for inducing such responses.

Latency

A hallmark of herpesvirusinfections, latency presentsadilemma
for vaccine development: Whileit is desirable to prevent latency
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and thus reactivation disease, latent infection may in some cases
be beneficial if periodic subclinical reactivation and immunologic
stimulation lead to more durableimmunity. In any case, prevent-
ing the establishment of latency islikely to be difficult. Few or
no viral proteinsare produced during latent infection, eliminat-
ing targets for recognition by the immune system. Rapid estab-
lishment of latency thus makesit difficult for a herpesvirus vac-
cineto provide*“ sterilizing” immunity, although restriction of
initial replication may not only mitigate primary disease, but also
reduce the extent of latent infection and thereby the frequency
or severity of reactivated replication and disease. If latency is
established following vaccination, then a second concern is that
the vaccine must induce an immune response of appropriate
type and sufficient duration to provide long-term protection
against reactivated replication. Durableimmunity may depend
upon periodic boosting by endogenous (subclinically reacti-
vated) virus, as noted above, or by exogenous (wild-type) infec-
tion. If wild-type boosting isimportant for durability, it is pos-
sible that a vaccination program leading to a significant reduc-
tionin circulating virus could actually shorten the duration of
immunity and increase the frequency of reactivated infection.

| mmune Evasion

In addition to avoiding immune recognition through latency,
herpesviruses have developed a diverse array of strategies for
mani pulating and outmaneuvering host immune responses (1).
Specific meansinclude interference with antigen processing,
transport, and presentation; negative regulation of cytokine
activity; inhibition of cytotoxic T lymphocyte (CTL)-induced
apoptosis; interferencewith natural killer cell-mediated clear-
ance; and inhibition of complement-mediated antibody attack.
Therole of these processes in modulating the level of vaccine-
induced immunity (for live vaccines), or in blocking the vaccine-
induced immune response to a challengeinfection, is not well
understood.

Animal Models

Animal models play acritical rolein assessing the potential
safety, immunogenicity, and efficacy of new human vaccines,
but the testing of herpesvirus vaccinesin animalsis frequently
problematic. One major consideration isthe host range of the
virus. Whilethe alphaherpesviruses (HSV, VZV) haveavariable
host range and can infect rodents and primates as model hosts,
the gammaherpesviruses (EBV, HHV-8) infect only speciesinthe
same family or order asthe natural host, and the
betaherpesviruses (HCMV, HHV-6, and HHV-7) replicatelittleif
at all in species other than their natural hosts. For this last
group, aternative models have included humanized severe com-
bined immunodeficient (SCID-hu) mice, and the use of related
viruses of rodents or primates (e.g., murine and guinea pig
CMVs). While these systems are useful for some studies of
pathogenesis and immune response, they cannot be used for
preclinical evaluation of vaccine safety and efficacy. A further
concern isthe relevance to humans of immunogenicity and
protection studiesdonein animals. For example, theimmune

responses and efficacy obtained with an experimental vaccine
can vary between mouse strains (2), and an HSV subunit vac-
cine that was very effective in protecting mice was not found to
be effective in subsequent human trials.

Vaccination Approachesfor Her pesviruses

Most of the approaches for vaccination available today have
been applied to one or more of the human herpesviruses. For

each of these approaches, there are advantages and potential

obstacles that derive from the unique nature of herpesviruses
and their infections.

Live-Attenuated Virus

This vaccination approach has enjoyed the greatest success
against herpesviruses to date. The live-attenuated Oka strain of
VZV used for the prevention of chickenpox isthe only human
herpesvirus vaccine presently licensed by the Food and Drug
Administration (FDA). In addition, the U.S. Department of Agri-
culture (USDA) licenses effective modified-live vaccinesfor five
different herpesvirusesinfecting domestic animals. Livevac-
cines offer atheoretical advantage over other approaches in that
the full spectrum of viral proteinsis presented in its natural
context and abundance. However, by using live vaccines for
herpesviruses, latency may be established, and thus there is the
potential for reactivation-associated or other chronic disease.
These concerns are tempered somewhat by the lack of problems
seen inlong-term followup of healthy and leukemic children who
received the VZV vaccine, aswell asrenal transplant recipients
immunized with the attenuated Towne strain of HCMV. In fact,
establishment of latency by an attenuated vaccine virus may in
some cases be desirable for ensuring durable immunity. A techni-
cal problem with traditional attenuation approaches for herpesvi-
ruses has been the difficulty of achieving an acceptable reduc-
tion in virulence while maintai ning adequate immunogenicity.
Thus, efforts are underway to engineer new attenuated vaccines
for HSV and HCMYV by identifying and manipul ating regions of
the genome or specific viral genesthat control latency, reactiva
tion, and virulence.

Disabled Virus

One approach that may address some of the problems of live
herpesvirus vaccines involves engineering replication-defective
strains of virus. Mutations have been introduced into essential
genesto prevent the formation of progeny virions (3, 4), or into
structural protein genes so that only noninfectious progeny
virions are produced (5). This strategy requires agood under-
standing of the genes controlling avirus's replication and viru-
lence and has thus far been applied only to HSV, athoughiitis
being considered for VZV. Disabled virus vaccines have been
ableto protect mice against challenge with virulent HSV and
appeared to be safe and immunogenic in aphase| tria (6), sug-
gesting that it may be possible to induce protective immune
responses in humans without complete virus replication. An
unexpected potential advantage of at least one disabled HSV
strainis an apparent inability to establish latency (4).
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Vectored Subunits

Delivery of one or more herpesvirus proteinsviaaviral vector
(replicating or not) could address concerns with pathogenicity
and latency while delivering adequate quantities of viral anti-
gens and presenting them in a suitable context. The potential of
recombinant vaccinia virus has been demonstrated by the suc-
cessful oral rabiesvaccine used for wildlife, and highly attenu-
ated versions of mammalian and avian poxviruses are available
for usein humans (7). Several poxvirus constructs expressing
proteinsfrom HCMYV, EBV, and HSV have demonstrated immuno-
genicity or efficacy in experimental animals, but theimmune
responses observed in humantrialsof HCMV and EBV recombi-
nants have been relatively modest. Poxvirus recombinants also
may be useful for augmenting immune responses through a
prime-boost regimen (8), as has been described for HCM V.

| nactivated Virus

The classical strategy of using inactivated virus has a history of
yielding safe and effective viral vaccines, but it has several
potential limitationsfor herpesviruses. Viral proteinsare not
presented in a natural context, and only structural proteins are
presented, thereby limiting the type and breadth of the immune
response obtained. Several vaccines derived from inactivated
virions—either compl ete preparations or partially purified pro-
teins—of HSV and VZV have been evaluated clinically. None of
the HSV vaccines have proven effective, and heat-inactivated
VZV provides significantly poorer protection against varicellaas
compared to the live Okavaccine.

Recombinant Subunits

Subunit vaccines containing purified viral proteinsarearela
tively safe alternative to live vaccines. Most studies have fo-
cused on the external viral glycoproteins; however, early viral
antigens also have been showntoinduce T cell-mediated immu-
nity. To date, clinical experience with subunit vaccinesfor herp-
esviruses has not been encouraging. While those subunits
evaluated in phase | and Il trials have been safe and immuno-
genic, arecent phaselll trial of an HSV-2 gB+gD subunit vac-
cinefailed to prevent or delay outbreaksin infected individuals
(9). Approaches for improving subunit immunogenicity, such as
novel adjuvants or incorporation of subunits into structures
such asvirus-like particles (VL Ps) or immunostimul ating com-
plexes (ISCOMs), havereceived some attention, but no clinical
evaluation to date.

Peptides

Delivery of specific T-cell epitopes as peptides has the potential
to be safe and exquisitely specific in theimmune response in-
duced. Its utility islimited, however, by the need to identify the
immunogenic epitopes and by the major histocompatibility com-
plex (MHC) specificity of the response. The approach has been
tested only to alimited extent in vitro and in animalsfor HSV,
HCMV, and EBV; recent results suggest that protection can be
achieved with an HSV peptide conjugate (10), and an EBV pep-
tide vaccine has been tested in clinical trials.

Purified DNA

The advantages of DNA vaccines for herpesviruses include no
risk of disease or latency, presentation of the viral proteinsin
their native form and context, ability to induce cytotoxic-T-cell
responses, and potential for induction of long-lived immunity
(11). Promising resultsin animal models have been reported for
HSV,HCMV, andVZV; and at least one HSV DNA vaccine has
moved into phase| trials.
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CYTOMEGALOVIRUS

Background

Approximately 50 percent of the U.S. population is seropositive
for CMV. Seropositivity varies with socioeconomic status and
geographic location: 40 to 60 percent in middle-income groups,
and up to 80 percent in lower socioeconomic groups. The out-
comeof CMV infectionishighly dependent on theimmune
status of the host. Primary infection in healthy individualsis
likely to be asymptomatic, or may cause amild mononucleosis-
like syndrome. However, in patientswith deficient or immature
immune systems, CMV infection can be aserious, evenlife-
threatening problem.

Congenital Cytomegalovirus

Congenital CMV isthe most common intrauterineinfectionin
the United States, occurring in 0.4 to 2.3 percent of all infants
bornalive. Itisestimated that 37,000 to 40,000 infantsin the
United States are born with congenital CMV each year. About
3,000 to 4,000 infected newborns per year have symptomatic
CMYV disease; of those who survive, most suffer from profound
progressive deafness and/or mental retardation. An additional
4,500 to 6,000 children who are asymptomatic at birth also de-
velop serious handicaps. The highest risk for congenital CMV
infection is among infants born to mothers who have had pri-
mary infection during pregnancy. In the United States, congeni-
tal CMV may be the cause of 20 to 40 percent of congenital
deafness, and is as frequent a cause of mental retardation as the
fragile X chromosome. The cost of custodial carefor severely
affected childrenin the United Statesis estimated at $1.86 billion
annually.

Organ Transplants

CMYV isthe single most important infectious agent affecting
recipients of organ transplants, with at least two-thirds of these
patients developing CMV infection or reactivation 1 to 4 months
after transplantation. Also, about 15 percent of bone marrow
transplant recipients develop CMV pneumonia; without treat-
ment, such infections are fatal about 80 percent of the time.
Although less severe, active CMV infection occursin 20 to 60
percent of all liver transplant recipients. CMV also causesfive
distinct neurological syndromesin patientswith AIDS.

Current Satusand Key I ssuesin Research and
Development

Although the correlates of CMV immunity are not precisely
known, clinical observations suggest that preexisting humoral

and/or cellular immunity may reduce the severity of disease.
Maternal antibody in seropositive women appears to reduce
significantly the incidence and severity of congenital infection,
and passive immunoglobulin therapy may benefit some trans-
plant recipients. In addition, infusion of ex vivo expanded CM V-
specific CTLs appearsto reconstitute immunity and provide
protection against disease in bone marrow transplant recipients.
Themajor CMV immunogenic protein appearsto be the surface
glycoprotein gB. This protein induces the development of virus-
neutralizing antibodiesand T cell-mediated immunity, and the T
helper cell response to gB is human leukocyte antigen (HLA)
classll restricted. Theviral tegument protein (pp65, fromthe

UL 83 gene) has been shown to beamajor target for CD8* CTLs
during natural infections. Other viral antigens, including the
surface glycoprotein gH and additional early antigens, also are
being considered for use in vaccines. Despite the presence of
gB-neutralizing antibodies, virus can be reactivated and infec-
tions caused by other strains of CMV can occur; indeed, mul-
tiple strains of CMV have been identified. An additional concern
in vaccine design isthat CMV employs several strategies that
prevent the host immune system from recognizing infected cells,
and that could potentially interfere with the ability of alive-
attenuated vaccine to stimulate a protective cellular immune
response.

Several CMV vaccination strategies have been evaluated in
humans. A live-attenuated strain (Towne) stimulates humoral
and cellular immunity, although lessthan natural infection. The
efficacy of Towne has been evaluated in severa clinical studies:
Protection has been documented in seronegative women and
transplant recipients, but is less than that afforded by a natural
infection, and complete protection has been achieved against
only low doses of challenge virus. Further efforts are needed to
improve the immunogenicity of live-attenuated vaccines (see
below for the approach taken by Medimmune, Inc.). Subunit
vaccines have been shown to induce humoral and cellular im-
mune responses, but to date have not been able to prevent
infection or disease. Evaluations of alternative vaccine formula-
tions and antigens are underway. A subunit vaccine devel oped
by Chiron Corporation (Emeryville, CA) and now produced by
Aventis-Pasteur, consisting of recombinant gB [produced in
Chinese hamster ovary (CHO) cells] and the adjuvant MF59, has
been evaluated in phase | and |l trials. The vaccineiswell toler-
ated and highly immunogenic in seronegative adults and tod-
dlers, and stimulates high levels of neutralizing antibody that
cross-neutralize clinical isolates. Additional approachesare
being evaluated in animal models. Delivery of gB viaa
canarypox vector has been tested in guinea pigs and is capable
of inducing humoral and cell-mediated responses. DNA immuni-
zation holds the promise of improving the presentation of indi-
vidual viral proteinsto the host immune system. Immunization
with DNA plasmids encoding gB and the matrix protein pp65 has
been evaluated in mice and induces neutralizing antibody and
CTL responses.
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Recent Accomplishmentsand Developments

Engineering an Improved Live-Attenuated
Cytomegalovirus Vaccine

As noted above, the attenuated vaccine strain of CMV (Towne),
whileimmunogenic, did not stimulate ashigh alevel of immunity
asthat produced in a natural infection. Investigators at
Medlmmune, Inc., are attempting to make Towne moreimmuno-
genic by replacing selected parts of its genome with sequences
from nonattenuated strains of CMV. They haveidentified numer-
ous differences between the genome of the Towne strain and
that of wild-type CMV, including alarge DNA segment present
in the genomes of avirulent laboratory strain (Toledo) and of
fiveclinical isolates, but not in the Towne genome. The exten-
sive variation in genome seguence observed between these
strains may explain the differencesthat they exhibit in virulence
and tissue tropism. The investigators used thisinformation in
conjunction with a unique method they developed to engineer
changes in the CMV genome to construct hybrid viruses that
replace defined portions of the Towne genome with correspond-
ing segments of a nonattenuated strain of CMV. Initial vaccine
candidates have been created, and Medlmmune, Inc., will soon
completeaphasel clinical trial using four chimeric vaccine can-
didates.

Cytomegal ovirus Employs Multiple Mechanisms to
Evade Cell-Mediated | mmune Responses

For aviral vaccineto stimulate acell-mediated immune response,
viral proteins must be broken down into peptides, which are
then transported into the endoplasmic reticulum and displayed
on the surface of the infected cell in conjunction with MHC
molecules. Multiple strategies employed by CMV to subvert this
process could interfere with the ability of alive-attenuated vac-
cineto induce a protective, cell-mediated immune response.
Recent work has dissected out the mechanisms by which at least
three CMV proteins act to interfere with the processing and
MHC class |-associated presentation of viral peptides. One
approach used by CMV isto downregulate expression of class|
MHC molecules by facilitating the degradation of newly synthe-
sized class | heavy chains. Hidde Ploegh and coworkers have
shown that CMV expresses at |east two genes—US11 and
US2—that encode a product that causes the dislocation of
newly synthesized class | heavy chains from the lumen of the
endoplasmic reticulum to the cytosol. The US11 and US2 gene
products have different specificities for class | molecules, sug-
gesting that CMV has responded to the polymorphism of the
MHC by evolving adiversity of functionsthat interfere with
class |-restricted antigen presentation. A second point in the
MHC/peptide presentation process is targeted by the product of
the US6 gene. This glycoprotein has been shown to bind the
transporter associated with antigen processing (TAP)-depen-
dent translocation of peptide from the cytosol to the endoplas-
mic reticulum. Theimportance of these proteinsin modulating
the cell-mediated immuneresponseto alive CMV vaccinere-
mainsto be determined.

Maintenance and Reactivation of Latent
Cytomegalovirus

Followinginitial infection, CMV remainslatent in the host and,
under conditions of immune suppression such as organ or bone
marrow transplantation, can reactivate and produce significant
disease. Knowledge of the mechanisms of maintenance and
reactivation of latent infection isimportant to devel oping vac-
cines that protect against reactivation disease and that do not
contribute to such disease themselves. Studies have shed new
light on several important aspects of CMV latency. Edward
Mocarski and colleagues have characterized latent CMV tran-
scripts in human granul ocyte-macrophage progenitors. Sense
and antisense transcripts with the potential to encode small
proteins are expressed in culture and in bone marrow aspirates
from seropositive individuals. Antibodies reactive with two of
these potential gene products are also detected in seropositive
individuals. Overall, these results suggest that bone marrow-
derived myeloid progenitors are an important natural site of viral
latency. These cells are al so the source of circulating monocyte-
derived macrophages (MDMs). Jay Nelson and colleagues have
shown that allogeneic stimulation (similar to what would occur
during atransplant) isrequired for productive CMV infectionin
these cells. They also have used allogeneic stimulation to show
for the first time that latent virus can be reactivated from MDMs
isolated from seropositive individuals. Monocytes are therefore
also anatural site of CMV latency from which the virus can be
reactivated under conditions of allogeneic stimulation.

Next Sepsand ChallengesAhead

Further work is needed to define more precisely the key antigens
and epitopes important for protection against infection, primary
disease, and reactivation. The role of immune evasion in the
induction of and response to host immunity needs to be clari-
fied. Clinical testing of DNA vaccinesisalso on the horizon.
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V ARICELLA-ZOSTER VIRUS

Background

Primary infection with VVZV ismanifested as chickenpox (vari-
cella) and resultsin alifelong latent infection. Reactivation of
the latent virus leads to shingles (zoster).

Varicella

Prior to theintroduction of the live-attenuated vaccine, approxi-
mately 4 million casesof varicellaoccurred annually, primarily in
young children, with more than 90 percent of the U.S. population
becoming seropositive (1). Chickenpox was estimated to cost
about $400 million each year, much of this representing the cost
to parents of lost income from work (2). Asthe use of the vac-
cine expands, it will lead to changesin the epidemiology and
costs of this childhood illnessin the United States.

Varicella can be complicated by avariety of serious conditions,
including skin infections that can progress to systemic infec-
tions, infections of the brain, and pneumonia (3). Complications
of varicellahave been responsible for approximately 9,300 hospi-
talizations and 100 deaths annually. Therisk of these complica-
tionsis highest in adults: While less than 5 percent of varicella
cases occur in adults more than 20 years of age, 55 percent of
the deaths occur in this age group (4).

Zoster

Zoster typically involves large areas of skin that ulcerate and
require several weeksto heal. The skin eruption itself isvery
painful, and it is often followed by postherpetic neuralgia(PHN),
apain syndrome that may persist for many months or years and
that can be very disabling. Thereis no established prophylaxis
or therapy for PHN. The incidence and severity of zoster and its
complicationsincrease with age. Theincidence among 50-year-
olds appears to be between 2 and 4 cases per 1,000 persons per
year, and it more than doubles by the age of 80 years. More than
one-half of all cases occur in persons 60 years of age and older
(5). PHN isthe major complication of zoster in theimmunocom-
petent host: Rare in individualslessthan 40 years of age, PHN is
estimated to occur in 25 to more than 50 percent of patientswith
zoster who are more than 59 years of age (6).

Current Satusand Key I ssuesin Research and
Development

Humoral and cellular immuneresponsesareeicited early in
primary VZV infections, and their relative contribution to protec-
tion from diseaseis not well understood. The impact of active
humoral immunity appearsto belimited, but preexisting antibody
has been shown to provide some level of protection. Passively
acquired maternal antibody affords some protection to infants,
and postexposure administration of VZV immunaoglobulin (VZIG)
to immunocompromised children reduces disease severity (7). In
children receiving the live-attenuated Oka vaccine, the incidence
and severity of breakthrough infection are inversely correlated
with antibody titer to VZV glycoproteins (8), and possibly with
thelevel of T-cell responsesaswell (9). Conversely, itisclear
that cellular responses play the primary rolein preventing dis-
ease associated with reactivation of latent VZV. While decreases
in humoral immunity are not associated with increased risk of
zoster (10), the age-related decline in cell-mediated responsesto
VZV antigensis proportional to the age-related increase in the
incidence and severity of zoster (11, 12, 13), suggesting that this
lossis a causative factor.

Theroleof viral immune evasion mechanismsinVZV infectionis
not well defined. For example, VZV issimilar toHSV inthat its
glycoprotein gk formsacomplex with gl and can act asan Fc
receptor, but it isnot known whether the similarity to HSV ex-
tends to providing protection from virus-specific antibody (14).
Effortsare currently underway to identify VZV genesthat may
be associated with evasion of MHC class |- and class | 1-medi-
ated immune responses (15).

A live-attenuated varicellavaccine, Oka, was developed in Japan
inthe early 1970s (16). In the United States, thisvaccineispro-
duced by Merck & Co., Inc., (VarivaxO). It was|icensed for use
in healthy individuals by the FDA in 1995; and is now recom-
mended for universal use in early childhood by the Centersfor
Disease Control and Prevention’s (CDC’s) Advisory Committee
for Immunization Practices (17), the American Academy of Pedi-
atrics (18), and the American Academy of Family Physicians. The
use of VarivaxO in the United States has been increasing
steadily. According to Merck & Co., Inc., morethan 16 million
doses of VarivaxO have been distributed, and the immunization
ratefor 1- to 2-year-oldsis approaching 70 percent. All States
have ordered the vaccinefor usein their immunization programs,
and 14 have passed school and/or daycare requirements for
varicellavaccination. Postlicensure surveillancein daycare
centersindicates that the vaccine is generally well tolerated,
leads to alower attack rate, and protects from severe disease (19,
20). Long-term monitoring of vaccinesto date indicates that
immunity persists, and to some extent is stronger, at 5 years
postvaccination (21). Further studieswill establish whether
immunization will provide protection as durable asthat from
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natural infection, or whether boosting will be required to main-
tain protection through adulthood. The expanding use of this
vaccinewill undoubtedly alter the epidemiology and costs of
varicellain the United States, and it affords the opportunity to
study in greater detail the correlates of protection against infec-
tion and disease, and the viral functions associated with viru-
lence and attenuation.

It also remainsto be demonstrated whether the VZV vaccinewill
be effective in other populations, such asin the elderly for pre-
vention of zoster, or in immunosuppressed transplant patients.
Initial studies of vaccination in the elderly have shown that

V ZV-specific, cell-mediated immunity can be boosted signifi-
cantly (22, 23).

In addition to further studies on the live-attenuated virus, there
are continuing efforts to evaluate alternate vaccines. I nactivated
virus showed some efficacy in protecting bone marrow trans-
plant recipients from shingles (24), although this strategy also
has been associated with a poorer MHC class |-restricted cyto-
toxic response (22) and reduced protection from varicella(25)
when compared to the live-attenuated vaccine. Other strategies
being pursued include disabled virus and plasmid DNA.

Recent Accomplishmentsand Developments

Theavailahility of alive-attenuated VZV vaccinethat is safe,
effective, and FDA licensed for the prevention of varicellapre-
sents an opportunity to determine whether the same vaccination
strategy might be effective for preventing zoster in the elderly. In
1994, the Veterans Administration Cooperative Studies Program
(VA-CSP) approved aprotocol for amulticenter, double-blind,
placebo-controlled phase 111 study to determine whether
VarivaxO can decrease the incidence and/or severity of zoster
and its complicationsin adults age 60 and older. The primary
outcome measure for the study is total burden of zoster-associ-
ated pain during afirst occurrence of herpes zoster. In 1998, the
study wasinitiated as a collaborative effort among VA-CSP,
Merck & Co., Inc.; and the National Institute of Allergy and
Infectious Diseases (NIAID). A total of 21 sitesare participating,
with arecruitment goal of 37,200. With a3-year followup period,
the study is expected to last approximately 5 years.

Next Stepsand ChallengesAhead

Thedevelopment of aVVZV vaccineincapable of becoming reac-
tivated, or of asubunit vaccine, will require much more basic
research. Studies of the antigenic components most important
for developing an immune response in humans, and of novel
methods for presenting viral antigensto cells of theimmune
system, are in progress. The results of the phase |11 study de-
scribed abovewill determine whether live-attenuated VZV can
help prevent shinglesin the elderly. Other populations at risk for
severeVZV disease—e.g., pediatric renal transplant recipients—

are also candidates for studies evaluating the safety and effi-
cacy of the live-attenuated vaccine.

Cantab Pharmaceuticals, Plc., (Cambridge, United Kingdom) is
collaborating with Kaketsuken (Japan) to explore the devel op-
ment of adisabled VZV vaccinefor chickenpox and shingles.
Vicdl, Inc., (San Diego, CA) hasacollaboration with Pasteur
Merieux Connaught (Swiftwater, PA) to exploreaplasmid DNA
vaccine.
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EpPsTEIN-BARR VIRUS

Background

Based on serology, approximately 90 percent of theadult U.S.
population has been infected with EBV. Primary childhood infec-
tion is often asymptomatic (1). In most developed countries, 35
to 75 percent of the young adult population remains seronega-
tive. In 25 to 70 percent of such seronegative young adults, EBV
infection resultsin infectious mononucleosis (2). In limited geo-
graphical areas and populations, EBV is associated with na-
sopharyngeal carcinoma(NPC) and with Burkitt’'slymphoma
(BL) (3). NPC and BL appear to require environmental, genetic,
or chemical cofactors. Inimmunocompromised individuals, in-
cluding AlIDS patients, EBV isassociated with
lymphoproliferative diseases and lymphomas. Recent evidence
also suggests a possible association with Hodgkin's lymphoma,
T-cell lymphomas, and some gastric carcinomas.
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Current Satusand Key I ssuesin Research and
Development

Theprincipal target of EBV-neutralizing antibodiesisthe major
virus surface glycoprotein gp350/220. A range of cell-mediated
responsesto EBV infection aso has been described and islikely
to beimportant in controlling persistent infection. CTLs specific
for thelatent EBV nuclear antigensEBNA-3A, -3B, and-3C are
predominant in alarge portion of seropositive adults and chil-
dren(4,5).

Several vaccine candidates based on gp350/220 have been de-
veloped. For subunit vaccination, thislarge, heavily
glycosylated protein has been prepared from mammalian cell
lines (CHO or mouse C127). Primate studies demonstrate that
subunit vaccination can elicit a specific antibody response that
isat least partially protective, and suggest that the choice of
adjuvant islikely to beimportant in achieving acceptabl e effi-
cacy (6). A phase| clinical study demonstrated that the subunit
vaccineiswell tolerated in seropositive and seronegative per-
sons and that an immune response isinduced (7). Live recombi-
nant vectors also have been used to express and deliver gp350/
220. Immunization with vacciniarecombinants provides some
protection in primates (8) and in EBV-negativeinfants (9). Clini-
cal trials of apeptide vaccine bearing an EBNA-3A epitope are
underway inAustralia(10).

Recent Accomplishmentsand Developments

A phasel clinica trial conducted by SmithKline Beecham
Biologicalsin collaboration with Medlmmune, Inc., has provided
initial safety data on asubunit vaccine for EBV. The vaccine
under devel opment contains the gp350/220 surface glycoprotein
combined with a proprietary adjuvant from SmithKline Beecham
Biologicals. Thetrial wasarandomized, double-blind study to
evaluate safety and immunogenicity in 67 healthy young adults.
The study showed that the vaccine tested was safe and well
tolerated. Laboratory tests showed evidence of immune re-
Sponse in vaccine recipients.

Next Stepsand ChallengesAhead

It isnot known whether vaccination with gp350/220 alone will be
adequate to protect against primary infection, and whether such
a protective response would be effective against EBV-associated
tumors where the expression of viral gene productsislimited

and different. Little has been reported on the use of antigens
other than gp350/220 in candidate subunit or recombinant vac-
cines. Further work also isneeded on defining the CTL specifici-
ties that a candidate vaccine should target. Following up on
their successful phase | trial of agp350/220 subunit, the next

step for SmithKline Beecham Biologicalswill bealarger phasell
study. Results from the Australian phase | evaluation of peptide
vaccination are pending.
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Jordan Perspective: Varicella Vaccine

In 1952, Weller and Stoddard (1) reported the successful
cultivation in human tissue of the virus that causes
chickenpox in children, and shinglesin adults. No useful
animal model could be developed, but it was demonstrated
that the virus of herpes zoster was the virus of varicellareac-
tivated from its latent state. Thus, it was designated varicella-
zoster virus (VZV). In 1974, 2 yearsbefore | cametothe Na-
tional Institutes of Health (NIH), Takahashi and his associ-
ates (2) reported that VZV isolated in human embryonic lung
cellsfrom the vesicles of a3-year-old child named Okaand
attenuated by serial passage in human and then guinea pig
embryonic cells had been effective asalive vaccine. This
attenuated virus became known as the Oka strain.

Sometime after 1977 (date not recorded), Dr. George Galasso
and | attended ameeting in Atlanta, Georgia, along with Dr.
Maurice Hilleman of Merck. We encouraged Dr. Hillemanto
import the Oka strain rather than spend the time to develop an
attenuated virus of hisown. Hedid, so VZV isclearly cell
associated, asis Oka. Merck initially had difficulty producing
reproduciblelots; fortunately, Dr. Hilleman and his staff per-
sisted and we could report to the Department of Health and
Human Services (DHHS) that the vaccine was ready for ex-
panded clinical trials.

Fortunately, Dr. Larry Gelb, agrantee, had devel oped thefirst
of several assays that could distinguish between vaccine and
wild-type virus, allowing classification of any rash disease. A
multicenter trial was coordinated by Dr. Ann Gershon, then at
New York University, with support provided by the National
Institute of Allergy and Infectious Diseases (NIAID). The
target population was a unique group of children at high risk
for severeillness and death from chickenpox—children with
leukemia. They were most in need of protection, but it had
become customary to avoid the use of live vaccinesin
immunocompromised children. Leukemic children had been
successfully—and saf el y—immunized in Japan after suspen-
sion of chemotherapy from 1 week beforeto 1 week after
vaccination. Review boards allowed U.S. studiesto include
children in remission from acute lymphoblastic leukemiafor at
least ayear whose maintenance of chemotherapy was with-
held for 1 week before and 1 week after vaccination (3). Ad-
verse reactions resembling amild case of chickenpox—rash
and fever—occurred in this and subsequent studies more
oftenin U.S. children than in Japanese children, but these
reactions could be managed with oral acyclovir. The vaccine
induced a good immune response and a high degree of pro-
tection.

Subsequent studies in healthy children sponsored by Merck
(4) and in healthy adults funded by NIAID (5) confirmed the

safety and effectiveness of the vaccine. The vaccine was
licensed for general usein March 1995 and added to the rec-
ommended childhood immuni zation schedul e shortly thereaf -
ter. Expanded use has shown it to be highly effectivein clini-
cal practice (6). Trialsare now underway to evaluate the effec-
tiveness of the vaccine for the prevention of herpes zoster
and post-herpatic neuralgiain the elderly.

Timefrom growth of virus: 43 years.
Timefrom licensed vaccineintroduced in Japan: 21 years.
Timefrombeginning U.S. trials: 15 years.

With aconcluding comment, | would liketo express my admi-
ration for the dedication and excellent work of Dr. Ann
Gershon and her assistant Sharon Steinberg. During these
trials, they moved from New York University to Columbia
University College of Physicians and Surgeons without miss-
ing a beat. Dr. Gershon has successfully competed for grant
and/or contract funding from NIAID since 1979.
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Human Immunodeficiency Virus (HI1V) Disease '

OVERVIEW

The goal of the National Institute of Allergy and Infectious
Diseases (NIAID’s) HIV vaccineresearch programisto identify
asafe and effective vaccine that prevents HIV infection. An HIV
vaccineisthe best hope for controlling the worldwide spread of
HIV. Although there have been ambitious HIV prevention cam-
paignsover theyears, HIV/ acquired immunodeficiency syn-
drome (AIDS) continues to ravage many parts of the world.
Worldwide, there are approximately 40 million peopleliving with
AIDS. In 2000 aone, therewere an estimated 5 million new HIV
infections, or about 14,000 new infections each day, and more
than 95 percent of these new infections occurred in devel oping
countries. Researchers have made enormous strides since the
discovery of HIV 20 years ago, and now scientific advances are
generating renewed optimism that a vaccine to prevent the
spread of HIV isattainable.

Clohal summary of the HIV/ATDS epidemic,

ecember 20010
Mumbser of pople living with HIVSIDS Total 40 milllion
Aduits 372 milkn

Women 115 mihon
Childran undsr 15 yeard 2 T million

Pacplo newly infecoesd wich HIY in 2004

Turtal & rmillion
Acchills 4 Tmilien
Wrinn 1.8 spihan

Chilfren under 15 years 500 000

BIDE doaths im 3001 Tutal 2 millliom
Achills 24 milien
Women 1.1 milon

Childran undsr 15 yean SED D00

The concept of what may constitute an effective vaccine has
evolved over the years and has helped shape current thinking.
While the goal isto find avaccinethat is 100 percent effective
in preventing infection, it ishighly likely that theinitial vaccines
against HIV may not protect everyone from becoming infected
and/or may work by controlling infection. Researchersrecognize
that even a partially effective vaccine could have a significant
impact on the worldwide spread of new infections due to the
effect of “herd immunity.” By decreasing the number of people
susceptible to HIV infection and/or ableto infect others, fewer
people would be passing the virus on to others. If that chain of
protection is high enough and continues long enough, new
infections could be reduced dramatically or even eliminated.
Nonethel ess, because a vaccine may be only partialy effective
and could lead peopleto relax their practice of safe behaviors,

education and prevention must continue to play arolein reduc-
ing new infections.

Since HIV can be transmitted through systemic and mucosal
routes of exposure, by cell-associated and cell-freevirus, re-
searchers also recognize that an efficacious vaccine may need to
induce several types of immunity. Thisincludeshumoral immu-
nity, which uses antibodies to defend against free virus, and
cell-mediated immunity, which uses cytotoxic T lymphocytes
(CTLs) todirectly kill or control infected cells. Whileearlier
vaccine research focused primarily on vaccines that elicited
antibodies, it isnow generally believed that a broader immune
response is needed. As a result, vaccine concepts that would
induce astrong cellular response by eliciting CTLsare now
being tested. Furthermore, in addition to systemic immunity,
mucosal immunity, which includes antibodiesin mucosal secre-
tions and cellsin the lining of the reproductive tract and nearby
lymph nodes, may also be required. Recent studies indicate that
mucosal transmission isrelatively inefficient in the absence of
other sexually transmitted diseases, thereby suggesting that
moderate immune responses may prevent infection by mucosal
routes.

RECENT ADVANCES

The current optimism in HIV vaccineresearchispredicated on a
number of important scientific advances. Fundamental research
has elucidated the three-dimensional structure of the HIV enve-
lope and of broadly neutralizing antibodies, which has hel ped
reveal specific targetsfor HIV vaccines and highlight several
defenses that the virus uses to evade attack. Researchers also
have provided information on how the HIV envelope enters
target cells; improved understanding of the specificity and role
of antibodiesand CTLsin HIV/simian immunodeficiency virus
(SIV) infection; and identified potential new targetsfor HIV
vaccines, such asthe HIV regulatory proteins Rev and Tat.

There al'so have been important advances in vaccine technol-
ogy, such asimproved systems for vaccine delivery (e.g.,
codon-optimized DNA; novel viral and bacteria vectors; and
cytokine adjuvants) as well as advancesin laboratory tech-
niques. Theseinclude the devel opment of the enzyme-linked
immunospot (ELISPOT) assay, which allowsresearchersto
detect and count cells producing cytokines in response to spe-
cific HIV peptides; tetramer binding assaysthat detect T cells
that recognize specific HIV peptides bound to major
histocompatability complex (MHC) class| molecules; and easier
assaysto measure neutralization of primary HIV isolates. All of
these new discoveries serve to further the development of HIV
vaccines.
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It should be noted, however, that vaccine development isa
lengthy process. Each stage of clinical study can take several
years. For example, vaccine candidatesthat are currently inthe
pipelinewill betested in phase | and phasel| clinical trialsfor
several years before being tested in alarge phase 11 efficacy
trial. Efficacy trials can then take another several years after the
last patient is enrolled in order to assess any protective effect.
So, whilethereisagreat deal of optimism, it istempered with the
realities of clinical investigation.

ProGRESssION oF CLINIcAL HIV

RESEARCH

TheHIV VaccineTrialsNetwork (HVTN), established by NIAID
in 2000, represents an important resource for advancing clinical
HIV vaccineresearch. Thiscomprehensive global network is
designed to foster the development of HIV vaccines through
testing and evaluating candidate vaccinesin clinical trials and
has the capacity to conduct all phases of clinical research, from
evaluating candidate vaccines for safety and the ability to stimu-
late immune responses, to testing vaccine efficacy. Spanning
four continents, the network includes 25 clinical sites; an opera-
tions, and statistical and data management center; and a central
laboratory. HVTN isbuilt on the previous work and accomplish-
mentsof NIAID’sAIDS Vaccine Evaluation Group (AVEG) and
theHIV Network for Prevention Trials(HIVNET).

HIV bursting from CD4" cells

To date, NIAID has supported more than 56 HIV vaccinetrials,
including 52 phase | trialsand 4 phase Il trials. A total of 29
candidate vaccines and 12 adjuvants have been tested with 1 or
more of 10 routes or methods of administration. Thesetrials
have involved morethan 3,700 international and U.S. volunteers.

Most of theinitial HIV vaccineresearch (1987 to 1992) focused
on the HIV envel ope proteins (gp160 and gp120), peptides,
induction of antibodies, and use of novel adjuvants. At least 13
different envelope candidates have been evaluated for safety

and immunogenicity, and to date, all have been shown to be safe
and effective at inducing neutralizing antibodiesin nearly al of
the volunteerstested. Theinitial emphasis on the HIV envelope
protein was logical since envelopeisthe primary target for neu-
tralizing antibodiesin HIV-infected individual s. But theinitial
envelopes induced antibodies that were largely specific for clade
B isolates, the subtype of HIV that is predominantly found in the
United States and Europe. In order for avaccineto be effective
on aglobal scale, it will need to induce immune responses that
are broadly reactive to the many different subtypes of HIV that
circulate throughout the world.

There are several possible explanations as to why envelope
proteins have induced limited immune responses. One theory is
the degree to which the recombinant gp120 molecul e resembles
the envel ope protein mol ecule on the surface of HIV. Because
researchers have learned more about the actua structure of HIV
and gp120, in particular, they are trying to create vaccines that
more closely resemblethe natural conformation of the HIV enve-
lope on the virion surface. The envelope proteinisatrimeric

mol ecule—gp120 molecules bundled together in groups of three,
held together with threetransmembrane gp41 molecules. NIAID-
supported researchers have identified ways to increase the
stability of the gp120 protein trimer, which may help makeit more
potent and induce more broadly reactive antibodies.

Another theory is that the early envelope vaccines were based
on laboratory strainsof HIV (e.g., HIV isolates passaged repeat-
edly in cultured cell lines). Primary isolates of HIV, in contrast,
have undergone minimal passagein fresh human peripheral
mononuclear cells and are generally much less susceptible to
neutralization by HIV antibodies.

In an effort to increase the breath of antibodies induced by
envelope vaccines, the envelope candidates currently in a phase
[11 trial are bivalent preparations comprised of two gpl120s—one
from alaboratory isolate and one from aprimary isolate. Specifi-
cally, VaxGen, Inc., acompany that manufacturers and tests
preventive HIV vaccines, has developed two bivalent vaccines,
AIDSVAX B/B and AIDSVAX B/E, which arecurrently in phase
I11 trials (theformer in North Americaand Europe, and thelatter
inThailand). Resultsfrom the North America/Europetria are
expected at the end of 2002. Other groups also are designing
polyvalent vaccines that include multiple envel opes.

Recognizing that an efficacious vaccine might need to induce a
cellular (CTL) and antibody immune response, starting in 1992
researchers turned their attention to a combination or prime
boost approach. In this approach, a recombinant vector vaccine
(the prime) isfollowed by, or combined with, gp120 (the boost).
Viral or bacterial vectors, aswell as DNA vaccines, have been
tested in combination with and without a subunit boost. A sub-
unit is a synthetic structure component of HIV, such as an enve-
lopeor acoreprotein. NIAID has studied canarypox-HIV recom-
binant vaccines extensively alone and in combination with
gp120 subunit boost. The canarypox-HIV vaccines are based on
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canarypox, which does not infect humans, and are genetically
altered to contain selected HIV genes. For example, one
canarypox vaccine, ALVAC vCP205, contains the env gene cod-
ing for the envelope protein gp120, the gag gene coding for the
core protein p55, and the portion of the pol gene coding for the
protease enzyme. The HIV genesin thisvaccine comefrom clade
B viruses, the predominant subtype of HIV found in the United
States and Europe.

The combination approach has been shown to be safe and im-
munogenic in volunteersat low and high risk of HIV infection.
Studies also have shown that this approach can stimulate cellu-
lar immunity, resultingin CTLsthat can kill infected cells, aswell
asthe production of HIV-neutralizing antibodies, which can stop
HIV frominfecting cells. Thus, the combination approach con-
tinues to hold promise because it stimulates production of HIV-
neutralizing antibodiesand cellular immunity.

Because the canarypox vaccineisthefirst candidate HIV vac-
cine shown to induce a CTL response against diverse HIV sub-
types, HVTN conducted aphase | trial in 1999 in Uganda, a
region in which clades A and D predominate. Although the vac-
cinewasbased on cladeB, it elicited HIV-specific CTL re-
sponses in some volunteers that in the laboratory recognized
several non-clade B strains. This study was extremely important
because it demonstrated that a vaccine could induce cross-clade
reactivity, and therefore may help protect against various sub-
typesof HIV. In addition, by successfully completing thistrial,
researchers showed that a vaccine trial could be conducted in
Africawith high scientific and ethical standards, thus paving the
way for additional international HIV vaccinetrialsinAfrica.

Another NIAID-funded study found that among HIV-infected
individualsin Uganda, the CTL response was as strong, if not
stronger, to the clade B strain of HIV when compared to cladeA.
This study provides further justification for the evaluation of
clade B-based vaccinesin regions of the world where other
subtypes are endemic.

At present, HVTN hastwo phase 1 trials underway to further
evaluate the safety and immunogenecity of this combination
vaccine approach. Onetrial, which is being conducted in the
United States, istesting acanarypox vaccine (ALVAC 1452) in
combination with agp120 boost (AIDSVAX B/B). The second
trial, whichisbeing conducted in Haiti, Brazil, and Trinidad and
Tobago, isalso testing the use of ALVAC 1452, but in combina-
tionwith adifferent gp120 product known asAIDSVAX MN. If
specificimmunogenicity criteriaare met, the best available vac-
cine or combination of vaccines may enter an efficacy trial in
early 2003.

Since 1997, researchers also have been exploring arange of
other possible vaccines, including DNA vaccines (containing
one or more HIV genes) with and without viral vectors, bivalent

Sart of ALVAC 1452 Sudy in Trinidad

envelope, Salmonellavectors, novel peptides (protein frag-
ments), and p24. Studies demonstrated that the first DNA candi-
dates were safe, but did not induce strong immune responses.
New technologiesfor DNA vaccines, such as codon-optimized
and particle-formulated DNA vaccine candidates, are being
developed and are expected to enhance their performance. The
frequency and strength of neutralizing antibodiesand CTLs
induced by peptides based on the viral envelope or internal
proteins have a so been disappointing, although new peptide-
based approaches are under development. For example, scien-
tistsat NIAID recently tested in animals a vaccine using pep-
tides expressed on the surface of phages, which infect bacteria.
The phages were engineered to produce millions of random
peptides, and upon screening, afew were found to react with
HIV antibodies. Four out of five monkeys vaccinated with these
phage-expressing peptides produced antibodies, and of those
four, nonegot sick after being injected with virulent HIV. Addi-
tional research will be conducted to explore further the effective-
ness of this approach.

PrREcLINICAL DEVELOPMENTS

Animal modelsare extremely valuablein evaluating candidate
HIV vaccines and continue to provide information that advances
thefield of HIV vaccineresearch. Since HIV doesnot infect
monkeys, researchershave modified SIV, the related monkey
virus. By taking parts of the HIV envelope and parts of the inner
core of SIV, researchers have engineered simian-human immuno-
deficiency viruses (SHIVs), whichmimic HIV infection and can
causeAlIDS-likeillnessin macague monkeys. The chimeric vi-
ruses allow researchers to study the responses of the immune
system to the vaccines, and the ability of these responses to
stop or control the virus.
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Thegoal of NIAID’spreclinical HIV vaccineresearch effortisto
identify the most promising vaccine candidates and ensure their
entry into human trials. At present, there are more promising
candidate vaccinesin the preclinical pipeline than ever before.
Specifically, NIAID issupporting the preclinical development of
more than a dozen candidates through the HIV Vaccine Design
and Devel opment Teams, a program that brings together the
skills and expertise of private industry and academic research
centers, as well as through other mechanisms.

Recently, there have been promising studiesin which some of
these candidate vaccines were shown to protect rhesus
macagues from disease following challenge with ahighly patho-
genic virusweeksto several months after the last immunization.
In one study, NIAID-funded scientists combined two vaccines
designed against SHIV. Thefirst vaccine was a DNA vaccine
containing genesfor SIV and HIV proteins. When this DNA was
injected into the monkeys, an immune response against SHIV
was triggered. The immune response was then boosted with a
second vaccine that added several of the same SHIV/HIV genes
toaviruscalled modified vacciniaankara(MVA), an attenuated
strain of vacciniathat cannot replicate in humans. Whileimmu-
nized animal s becameinfected, they controlled their infection,
and in some cases, viruslevelsin the blood fell below detectable
levels, and CD4* T-cell levelsremained stable. Sincethe vac-
cines induced strong immune responses that controlled virus
replication and disease in the SHIV model in rhesus macaques,
researcherswill now seek to determine the safety and immuno-
genicity of this approach in human volunteers.

In other recent preclinical studies, researchers discovered that
anHIV protein, Tat, might provide an effective way for fighting
off infection. One study in monkeysfound that killer T cells
targeted to the Tat protein were able to contain SIV temporarily
during the natural course of early infection. The Tat-specific
killer T cellsappeared to eliminatetheorigina strain of SIV 4
weeks after the rhesus macagques were exposed to HIV. However,
the monkeys still had some SIV that apparently resulted from
small genetic changes from theinfecting strain, which enabled
the virus to escape immune attack. Other recent research involv-
ing Tat found that Tat and Rev, another regulatory protein, were
frequent targets of HIV-specific CTLs. These studies provide
important information onimmuneeventsin early SIV and HIV
infection and represent a plausible new approach for vaccine
design.

In addition to these promising studies, efforts are underway to
molecularly engineer novel formsof HIV envelopeproteins. To
date, vaccines with recombinant envelope protein (gp120) have
induced neutralizing antibodies, but only against the virus from
which the protein was derived and closely related strains. Some
researchers believe thisis because the recombinant gp120 mol-
ecule does not resemble the molecule as it appears on the sur-
face of the virus, while others believe that loops of the protein
seguence protect the critical receptor-binding region of the
gp120. To address this, NIAID-supported researchers engi-

neered a molecule that in animals induced antibody responses
that neutralize a broader range of laboratory-adapted strains and
severa primary isolates of HIV. Given theimportance of inducing
broadly reactive antibodies, this construct is now being devel-
oped further, and plans are underway to test it in clinical trials.

Adjuvants also have been shown to play an important role and
may enhanceimmune-stimul ating properties of avaccine. One
recent study with QS21, a saponin adjuvant, found that al-
though it was not well tolerated, the adjuvant enabled recipients
toreceive alower dose of gp120 and still achieve the same level
of immune response as those who received a higher dose of
gp120. Future research effortswill continue to explore the use of
adjuvants, including cytokines, aswell as other novel ap-
proaches, such as the use of aphavirus replicons
(nonreplicating al phaviruses engineered to carry genes encod-
ing HIV proteins), fowlpox, adenovirus, and novel peptides.

CHALLENGES

Despite the progress that has been made to date and the hope
that has been generated, a number of critically important ob-
staclesremain. In order to develop an effective HIV vaccine,
researchers still need to improve upon current vaccine designs
so that they will induce broadly reactive long-lasting neutraliz-
ing antibodiesand CTL responses. Thelack of validated immune
correlates of protection limits confidence that any vaccine will
prove efficacious, and it is hoped that once a candidate vaccine
is shown to have some protection in humans, researcherswill be
better able to understand the type, magnitude, breadth, and/or
location of the immune responses associated with that protec-
tion. In addition, the issue of clade or subtype diversity must be
addressed in order for an HIV vaccine or vaccinesto be effective
on aglobal scale.

Researchers also need to explore the various types of outcomes
possible from an effective or partialy effective HIV vaccineand
assess the value from an individual and a public health perspec-
tive. Vaccinerecipientsmay be completely protected from HIV
infection (sterilizing immunity) or may be ableto remain healthy
should they become infected after being vaccinated (controlled
infection). If an HIV vaccine were not ableto prevent infection, it
is hoped that it would at least be able to keep the level of virus
in the blood low enough in the vaccine recipient so that the
recipient remains healthy and is not able to infect others. The
greatest public health value of avaccinewill beinitsability to
prevent transmission.

The ability to produce sufficient quantities of clinical grade
vaccines, and the limitation of animal modelsrepresent other
challengesto HIV vaccine research. The ability to conduct pre-
ventive HIV vaccine efficacy trialsin the United Statesand in
developing countries also poses substantial challenges. Be-
cause thousands of people would be required for an efficacy
trial and becausethereisarelatively low incidence of HIV infec-
tioninindustrialized countries, even among higher risk groups,
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an efficacy trial that enrollsall risk groupswill requirealarge
international collaborative effort. In developing countries, there
are concerns regarding exploitation and unequal partnerships,
accessto avaccineif it isproven efficacious, alack of infra-
structure (clinical, laboratories, supplies, equipment), and the
need for increased training. Additionally, some populations that
areat higher risk of HIV infection (such as high-risk women and
injection drug users) are often harder to recruit and retainin a
clinical trial. Thereisalso ageneral mistrust and misunderstand-
ing of vaccine research that creates barriersto HIV vaccinetrial
recruitment in some populations.

To help ensure adequate recruitment and retentionin HIV vac-
cineefficacy trials, NIAID has continued its practice of includ-
ing community representativesin all aspects of itsHIV vaccine
trial program. Among these efforts, community advisory boards
at all NIAID-sponsored vaccinetrial sitesisakey element. In
addition, in 2001, the National HIV Vaccine Communications
Steering Group was established to stimulate and enhance the
national dialogue concerning HIV preventive vaccines and to
create a supportive environment for future vaccine studies. The
group represents the diversity of communities affected by the
AIDS pandemic and includes nationally recognized leadersin
fields such as communications, the media, social marketing,
community education and organizing, healthcare, advocacy,
public policy, and HIV prevention.

CONCLUSION

Despite the ongoing challenges, new scientific and technol ogi-
cal knowledge continuesto advance thefield of HIV vaccine
research. There are promising datafrom animal model studies; a
greater diversity of vaccine approaches being tested; and more
products in the pipeline than ever before, including alarge num-
ber of non-clade B products. Specifically, the NIH Dale and
Betty BumpersVRC and NIAID’sHIV Vaccine Design and De-
velopment Teams are moving strong HIV vaccine candidates
fromthelaboratory into human testing. The VRC recently initi-
ated aphasel clinical trial of an HIV DNA to determineif the
vaccineissafeand elicitsan immune response. The HIV Vaccine
Design and Devel opment Teams program is devel oping a num-
ber of HIV DNA vaccines. Datafrom HV TN’stwo ongoing
phasell trialswill be available within the next year, possibly
leading to an efficacy trial of the combination prime-boost vac-
cine concept with othersto follow. As aresult, thereis greater
optimism than ever before that the goal of identifying a safe and
effective HIV vaccineisattainable.

Sources

HIV vaccine research always has been an integral part of
NIAID’sresearch portfolio, with the goal of identifying asafe
and efficacious vaccine to prevent HIV infection and/or disease.
Inthelast 7 years, in particular, the program has received an
influx of fundsthat have enabled it to grow exponentially. From
1996 to 2001, funding for HIV vaccineresearch at the National
Ingtitutes of Health (NIH) increased from just more than $100
million to more than $356 million (estimated). Thesefunds have
enabled NIAID to establish a comprehensive and vibrant set of
programs that support all stages of the vaccine development
pipdine, including:

Dale and Betty Bumpers Vaccine Research Center (VRC) —
Intramural vaccine research with aprimary focus on the devel-
opment of HIV vaccines

Innovation Grant Program— Investigator-initiated HIV vac-
cine research involving high-risk/high-impact studies at the
earliest stages of concept genesis and evaluation

HIV Research and Design Program — Grants to support con-
cept testing in animal models, devel opment of potential vaccine
candidates, studies of immune correlates, and animal model
development

Integrated Preclinical/Clinical AIDS Vaccine Development
Program— Grantsthat target research at the preclinical/clinical
interface

HIV Vaccine Design and Devel opment Teams — Consortia of
scientists from industry and/or academiawho have identified
promising vaccine concepts and work under milestone-driven
contracts

Vaccine Development Resources — Contracts for the manufac-
ture and testing of vaccine candidates

Smian Vaccine Evaluation Units — Testing of promising SIV
and HIV candidates in nonhuman primates

HVTN — Global research network with the capacity to conduct
all phases of clinical trials, from evaluating candidate vaccines
for safety and the ability to stimulate immune responses, to
testing vaccine efficacy
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OVERVIEW

Parasitic diseases continue to plague billions of people in the
modernworld, killing millionsannually and inflicting debilitating
injuries, such as blindness and disfiguration, on additional
millions. The World Health Organization (WHO) estimatesthat 1
personin every 10 isinfected with amajor tropical disease, and
approximately one person in four harbors parasitic worms.
These infections exact an enormous toll on world health and the
global economy, particularly in less developed countries, where
the diseases are often cited as amajor impediment to economic
progress. Despite efforts at control, some parasitic diseases are
actually becoming more widespread because of drug resistance
and changing water and land management policies that have
brought humans in closer contact with parasite vectors.

Parasites remain a public health concern in the United States
and other developed countries. Many parasites affecting hu-
mans are widely distributed in this country, but infections re-
main subclinical because of good nutrition and hygiene prac-
tices. Inimmunologically immature or immunosuppressed popu-
lations, however, parasitic infections represent a significant
cause of morbidity and mortality. Moreover, symptomatic para-
sitic infections are becoming morewidely observed in the
United States as a consequence of the increased number of
Americanstraveling abroad, and of the increased number of
immigrants from endemic areas. Recently, i solated endemic foci
of someexotic parasiticinfections (e.g., malariaand leishmania-
sis) have been reported in the United States.

Despite the considerable global burden caused by protozoan
and helminthic parasites, development of vaccines against these
organisms has been arduous. In large part, the challenges of
developing these vaccines derive from the fundamental biology
of these organisms, which often have complex life cycleswith
developmental stagesthat areimmunologically and biochemi-
cally distinct. These organismsare biologically much more com-
plex than other microbes for which vaccines have been success-
fully developed. The genome of Plasmodium falciparum, for
exampl e, comprises 30 megabases; whereas the genomes of
smallpox, polio, and Haemophilusinfluenzae typeb areall 20to
30 times smaller. Although radiati on-attenuated parasites have
provided useful insightsinto mechanisms of immunity in avari-
ety of experimental settings, it has been impractical to develop
vaccines based on attenuated versions of these organisms.
Furthermore, these organisms often have sophisticated mecha-
nisms to evade or undermine protective host immune responses,
thus allowing them to establish chronic infections. Identifying
protective immune responses as well as targets of protective
immunity—thereby establishing surrogate markers and predic-
tors of vaccine efficacy—has proven challenging even prior to
setting out to design candidate vaccines.

Aswas noted by Dr. Jordan in his report some 20 years ago, the
advent of molecular biology and recombinant DNA technol o-
gies, aswell asmolecular immunologic tools such as monoclonal
antibodies, has been a tremendous boost to efforts to develop
vaccines against protozoan and helminthic diseases. Subse-
quently, the devel opment of recombinant viral and bacterial
vectors capable of expressing cloned genes from protozoan or
helminthic parasites has allowed the creation of novel hybrid
vaccines. Even morerecently, the availability of nucleic acid
plasmids capable of expressing such genesin host tissue has
created awhole new vaccine technology that is now being ex-
plored for its applicability to vaccinesfor parasitic infections.

These techniques have been applied to further understanding of
the host-parasite relationship and to facilitate the identification
and validation of antigens for inclusion in candidate vaccines.
Morethan 40 antigens, for example, are currently considered as
possible candidates for inclusion in or development as malaria
vaccines. While one of the great advances of the last 20 yearsis
the ability to sequence
entire genomes of com-
plex organismslike proto-
zoan and helminthic
parasites, theidentifica
tion of the entire set of
genes of an organism
inevitably poses the
daunting challenge of
selecting among them to
identify, validate, and
ultimately create new
vaccines. The recently
completed P. falciparum
genome, for example, has
lead to the identification
of 5,000 to 6,000 open
reading frameswithin the
genome. Included among
these are two new gene families, rifinsand stevors, which are
now being investigated for their potential rolesin vaccine devel-
opment.

Global Health Plan Report Cover

In addition to these scientific and technical advances, another
important and encouraging change in recent years has been the
growth of the number of groups supporting research on para-
sitic diseases and vaccine development. National Institute of
Allergy and Infectious Diseases (NIAID)-supported programs,
for example, have expanded, especially in thelast decade[for
example, NIAID’sglobal health plans (http://www.niaid.nih.gov/
dmid/global) and research to accel erate malariavaccine devel op-
ment (http://www.niaid.nih.gov/dmid/mal ariafmalvacdv/toc.htm)].
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New initiatives also have been launched in the public and pri-
vate sectors. These include new entities such as the Maaria
Vaccinelnitiative (MV1) at the Program for Appropriate Technol -
ogy in Health (PATH) [http://www.mal ariavaccine.org], and the
Hookworm Vaccine Initiative (HV1) at theAlbert B. Sabin Vaccine
I ntitute (http://www.sabin.org/hookworm.htm), both of which
are supported by the Bill & Melinda Gates Foundation; the
European MdariaVaccine Initiative (EM V1) [http://
www.emvi.org]; theAfrican MaariaNetwork (AMANET), for-
merly the African MalariaVaccine Testing Network ( http://
www.amvtn.org ); the Global Alliancefor Vaccinesand Immuniza-
tion (GAVI) [ http://www.vaccinealliance.org]; the Initiative on
Public-Private Partnershipsfor Health; and the Initiative for
Vaccine Research. Many of these organizations are already
working in partnership with existing programs, such as those at
theU.S. Agency for International Development (USAID), U.S.
Department of Defense (DOD), WHO/Specia Programmefor
Research and Training in Tropical Diseases (TDR), and else-
where, to accelerate the devel opment of vaccines against para-
sitic diseases.

L EPROSY

Leprosy, a chronic infectious disease caused by Mycobacterium
leprae, has been a scourge of mankind since ancient times. It
primarily affectsthe skin, peripheral nerves, mucosa of the upper
respiratory tract, and eyes, often causing substantial disfigure-
ment and disability if untreated.

M. lepraeis an acid-fast, rod-shaped bacillus related to the
bacterium that causes tuberculosis (Mycobacterium tubercul o-
sis). Research on this bacterium has been markedly hampered by
acontinuing inability to cultureitinvitro, and by its extremely
slow doubling time (the slowest known for any prokaryote—
approximately 13 days). The bacilli can be propagated in the foot
pads of nude mice, but the only established animal model of
disseminated disease is the nine-banded armadillo, which poses
significant technical challenges of itsown.

In the United States, there are an estimated 6,500 persons with
leprosy, including those currently undergoing and those off
treatment; 112 new caseswerereported in 1998. WHO, which
hasled aglobal leprosy elimination program based on case
detection and delivery of effective multidrug therapy (MDT),
estimatesthat in 1997 there were 768,619 registered casesworld-
wide, with approximately 800,000 new casesdetected. These
figures represent adramatic decrease in the prevalence of lep-
rosy over the past few years; however, the number of new cases
detected annually has been stable during this same period, and
recently even appears to be on the increase. The reasons for this
discrepancy between the remarkabl e effect of MDT on preva-
lence and the lack of noticeable impact on new cases detected
are not clear, but the possibility of previously unknown reser-
voirs—either environmental or in theform of subclinical human
infection—must be considered. India, Indonesia, and Myanmar
currently account for approximately 70 percent of theworld's

leprosy cases. Other “hot spots’ for this disease continue to
existinAfrica, Brazil, Colombia, and partsof Central and Eastern
Europe. Leprosy istill considered endemic in 55 countries.

Dapsone was discovered to be effective against leprosy in the
1940s, but dapsone-resistant M. leprae gradually emerged,
requiring the recent development of MDT for leprosy. Patients
with leprosy are classified based on clinical manifestations and
skin smear resultsinto paucibacillary (PB) and multibacillary
(MB) cases. Standard MDT consists of rifampicin, clofazimine,
and dapsone given in a6-month regimen for PB disease, andina
2-year regimen for MB leprosy. A United Nations Development
Programme (UNDP), World Bank, and WHO multicenter trial
recently demonstrated that patients with PB disease with a
single skin lesion could be cured with asingle dose of rifampi-
cin, ofloxacin, and minocycline. WHO also hasindicated that it
may be possible to adequately treat MB disease with a 12-month
rather than 24-month course of standard MDT. These new regi-
mens represent significant practical advancesin the effort to
control leprosy.

Mgajor prioritiesin leprosy research are: Developing improved
diagnostics (especially a sensitive and specific skin test); fur-
thering understanding of the basic pathogenesis and epidemiol-
ogy of the disease (it is not even clear how the disease istrans-
mitted or whether there is a significant nonhuman reservoir);
developing alternative treatments; and developing an effective
vaccine.

Currently, there are only a handful of candidatesin the leprosy
vaccine development pipeline. One of theseis the antitubercul o-
sisvaccine Bacillus de Calmette-Guerin (BCG), which hasbeen
demonstrated to be effective in preventing leprosy in some
settings, but its use remains controversial. The Karonga Preven-
tion Trial Group published the results of adouble-blind, random-
ized, controlledtrial of single BCG repeat BCG, or combined BCG,
and killed-M. leprae vaccinein the prevention of leprosy and
tuberculosis in Malawi. This study demonstrated that a second
dose of BCG afforded an additional 50-percent protection
against leprosy compared with asingle BCG vaccination. Inthis
trial, the addition of killed M. leprae did not improve the protec-
tion afforded by a primary BCG vaccination. A previous study
by the Karonga Prevention Trial Group in the same part of
Maawi demonstrated that asingle BCG vaccination afforded
approximately 50-percent protection against leprosy, but none
against tuberculosis. A paper by M. D. Gupte and colleaguesin
the Indian Journal of Leprosy reported on alarge leprosy vac-
cinetrial comparing four vaccine candidatesto placebo: BCG,
BCG pluskilled M. leprae, M.w., and ICRC. The exact nature of
the ICRC vaccine has not been made public, but it isreportedly
based on agammearirradiated non-M. |eprae mycobacterium. The
study enrolled 171,400 subjects and, during a5-year follow-up,
found overall protective efficacies against leprosy of 65.5 per-
cent for the |ICRC vaccine, 64 percent for BCG plusM. leprae,
34.1 percent for BCG, and 25.7 percent for M.w. These exciting
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data suggest further analysis and testing of the ICRC and BCG
pluskilled M. leprae vaccines are warranted.

Another approach being pursued in leprosy vaccine develop-
ment isthe identification of major protective antigens and their
use as the basis of subunit or recombinant BCG or vacciniavirus
vector vaccines. As an example of such studies, one such pro-
tein, the 35-kilodalton (kD) protein of M. leprae, wasidentified
asamajor target of the human immune response to this patho-
gen. The 35-kD protein was expressed in the relatively fast-
growing Mycobacterium smegmatis and shown to resembl e the
native antigen in forming multimeric complexesand in being
recoghized by monoclonal antibodies and serafrom patients
with leprosy. The M. smegmatis-derived recombinant antigen
was recognized by almost all these patientsviaaT-cell prolifera-
tive or immunoglobulin (1g) G antibody response, but not by
most patients with tuberculosis. These findings suggest that the
M. leprae 35-kD proteinisamajor and relatively specific target
of the human immune response to M. leprae, and that it holds
promise as a component of a potential antileprosy subunit,
recombinant, or DNA vaccine.

Liveatypical mycobacteria, including M.w. and Mycobacterium
habana, are being investigated for their ability to elicit across-
protectiveimmune response, as are recombinant BCGs express-
ing other M. leprae antigen(s). Clinical testing of all these candi-
dates would be vastly improved by the identification of corre-
lates of human protectiveimmunity.

Sequencing of the M. leprae genome is complete and should
provide a significant boost to leprosy research in general, and
vaccine devel opment in particular—even more so than for many
other microbial pathogens because of the extraordinary chal-
lengesinvolved in investigating this noncultivatable bacterium.

Sources

Gupte, M. D., et al. (1998). Comparativeleprosy vaccinetrial in
South India. Indian Journal of Leprosy, 70, 369-388.

Karonga Prevention Trial Group. (1996). Randomised controlled
triad of single BCG, repeated BCG, or combined BCG and killed
Mycobacterium leprae vaccine for prevention of leprosy and
tuberculosisin Malawi. Lancet, 348, 17-24.

Triccas, J. A., Roche, P.W., Winter, N., et al. (1996). A 35-
kilodalton proteinisamajor target of the human immunere-
sponse to Mycobacterium leprae. Infection and Immunity, 64,
5171-5177.

MALARIA

Malariaisamajor health problemintheworld’stropical aress,
whereit isresponsiblefor high rates of morbidity and mortality,
especialy in children and pregnant women. The annual inci-
dence of malariaisestimated to be approximately 300 to 500

million cases, resulting in greater than 1 million deaths each year.
Because the control of malariaisdifficult and has been further
inhibited by the selection of drug-resistant parasites and insecti-
cide-resistant mosquito vectors, the development of amalaria
vaccine has been given high priority. Much work is now being
done to determine the immunol ogic response to infection and to
elucidate the protective antigens or epitopes that can be used in
the construction of a synthetic or recombinant malariavaccine.
Such vaccines would target the infective sporozoite stage, the
replicating liver or blood stages, or the sexual stages that are
infective for the mosquito vector. Over the past few years, an
increasing number of malariavaccines have been tested in clini-
cal trids.
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VaccinesAgainst Pre-Erythrocytic Stages of
Malaria Parasites

Trialsdonein the 1970swith irradiated sporozoitesresulted in
good protection in volunteers challenged with infectious para-
sites. Several years later, an additional study was undertaken to
take advantage of improved immunological techniquesfor the
identification of immune correlates of resistance. Four of five
vaccinated volunteers were protected, as measured by the ab-
sence of, or the delayed onset of, parasitemiafollowing chal-
lenge infection. Protected individual s developed antibodies to
sporozoites, including the repeat region of the circumsporozoite
(CS) protein, aswell asto antigens expressed by liver-stage
parasites. T-cell proliferation, cytotoxicity, and cytokine produc-
tion also have been observed in response to recombinant CS
protein.
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Plasmodium falciparum CS protein
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In studies in animal models, CS-based synthetic peptide and
recombinant vaccines conferred protection when given with
strong adjuvants. Early trials with CS-based vaccines demon-
strated enough immunogenicity to warrant challenge studies.
When such studies were carried out with adjuvants approved
for human use, however, the degree of protection was disap-
pointing. These results were interpreted to mean that better
immunogenicity could be achieved if more powerful adjuvants
were availablefor usein humans.

During the 1990s, many studieswere carried out with various
candidate malariavaccine formulationsthat included different
adjuvants. These studies either failed to demonstrate adequate
immunogenicity or failed to demonstrate adequate protection
against challengeinfection. In early 1997, however, investigators
working at the Walter Reed Army Ingtitute of Research (WRAIR)
reported that a candidate vaccine (RTS,S), based on recombinant
fusion proteins of the CS protein and the hepatitis B surface
antigen, could provide protection against challenge infection
with a homologous parasite when the vaccine was formul ated
with an appropriate novel adjuvant. These results were encour-
aging and validated the importance of incorporating into vaccine
formulations strong adjuvants that elicit appropriate immune
responses. Unfortunately, subsequent studies indicated that the
protection conferred against experimental challenge by this
vaccine aloneis not long lived. An additional study has been
carried out in The Gambiathat demonstrated that under condi-
tions of natural exposure to malaria, the candidate vaccine could
elicit protection as defined asadelay intimeto first infectionin
semi-immune adult men. Such protectiveimmunity did not ap-
pear to be restricted to homologous parasites, but again was
short lived. Overall vaccine efficacy was 34 percent, but was
higher (71 percent) inthefirst 9 weeks of follow-up thaninthe
last 6 weeks. Volunteers who received afourth dose the next
year, prior to the onset of the malaria season, again exhibited
statistically significant protection (47 percent) over a9-week
follow-up period. Additional studies are now underway to im-
prove the formulation and address other means by which the
immunity provided might be enhanced. Of interest, aninitial
study to assess the combination of RTS,S and another recombi-
nant protein corresponding to the pre-erythrocytic antigen

thrombospondin-related adhesion protein/sporozoite surface
protein 2 (TRAP/SSP2) resulted in an apparent loss of protective
efficacy compared to RTS,S aone. These results suggest that
interactions among constituent antigens in vaccines may actu-
ally be detrimental rather than beneficial, and thus serveasa
cautionary note.

Building on the increased awareness of the importance of strong
adjuvants, some investigators have returned to the concept of
immunizing with long synthetic peptides formulated with stron-
ger adjuvants. Investigators at the University of Lausanne in
Switzerland carried out aphasel clinical trial of an approximately
100 amino acid long synthetic peptide corresponding to the C-
terminal portion of the CS protein, formulated with astrong
adjuvant (Montanide ISA 720). Subsequent analyses showed
that the vaccine was safe and well tolerated and elicited anti-
body and cellular immune responses, including antigen-specific
production of animportant cytokine, interferon gamma (IFNg).

An aternative approach that appears promising is to identify
specific regions of the CS protein that stimulate immunere-
sponses and then incorporate severa copies of those regions
into a synthetic structure called a multiple antigenic peptide
(MAP). MAPs based on CS protein structures have been shown
to elicit high antibody titersin animal models and are capabl e of
boosting preexisting mal aria-specific immune responses. One
potential problem associated with evaluation of synthetic
peptide-based vaccines such as MAPs is that genetic factors
may limit immune responsesto thevaccine. Thisisparticularly
important because the candidate vaccine might be rejected as
nonimmunogenic if the responsive individuals are not ad-
equately represented in the initial immunogenicity study. To
addressthisissue, collaborating scientistsfrom New York Uni-
versity, the University of Maryland, USAID, and NIAID devel-
oped an innovative design for arecent phasel clinical tria of a
CS-based MAPvaccine. Volunteersfor thisclinical trial were
prescreened for presumed immune response genes to ensure
that an adequate number of responder individuals was included.
Inthistrial, only the pre-identified responder individuals
mounted significant immune responses.

To address the limitations imposed on such epitope-based vac-
cines by the genetic restriction elements, investigators from New
York University and their collaborators took anovel approach.
Peptide epitopes were first synthesized to yield homogeneous
products, and these peptide products were then linked to a small
core peptide via oxime bonds. These multiple epitope constructs
were shown to beimmunogenic in mice. To overcome the ge-
netic restriction, investigators created a construct that also
incorporated a*“universal” T-cell epitope (i.e., one that was not
subject to narrow genetic restriction). This construct was subse-
guently shown to elicit robust immune responsesin miceand in
humans with diverse genetic backgrounds. Most recently, the B-
and T-cell epitopes studied in the MAP trials have been incorpo-
rated into arecombinant viral-like particle based on amolecularly
engineered version of the hepatitis B core antigen. This particle
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functions as aparticularly immunogenic platform, and the engi-
neered CS-HBc particle elicits robust immune responsesto P.

fal ciparum sporozoite antigens. Clinical trials with this construct
are now in the planning stage.

Attention also has been directed to the nonrepeat domains of
the CS polypeptide. A genetically conserved region within these
domains has been implicated in parasite attachment to liver cells.
Although shown to be safe and immunogenicinaclinical trial, a
vaccine based on agenetically engineered CS-derived polypep-
tidein which the central repeat region was excised failed to
confer protection against experimental challengeintheimmu-
nized volunteers.

While malariavaccine effortsin the past have focused primarily
on the humoral aspects of immunity, increasing attention is
being directed to theimportant role played by T cells. In addi-
tion to enhancing antibody responses and conferring immuno-
logical memory, T cellsal so mediate cytotoxicimmunity and
induce the production of cytokines, such as IFNg. CS-respon-
sive T-cell clones have been established from cells of vaccinees
immunized with attenuated parasites; they may proveto be
useful in future studies on the development of immune respon-
siveness. Epitopes of CS polypeptides recognized by helper T
cells, aswell asby cytotoxic T cells, have been identified and are
being incorporated into recombinant vaccine candidates for
further testing. To identify new candidate vaccine components,
investigators employed a new approach called reverse immuno-
genetics. Using this technique, they have identified a peptide
component of aliver-stage parasite protein (LSA-1) that is effi-
ciently recognized by cytotoxic T cellsfromindividualswho are
resistant to severe malaria. Other liver-stage antigens (e.g., LSA-
3) arealso being evaluated in preclinical and clinical studiesfor
their potential as candidate malariavaccines.

Pre-erythrocytic antigens also have been incorporated into
multicomponent vaccines (see below). In the case of DNA vac-
cines, a construct incorporating the gene for the CS antigen was
evaluated as a“ proof of concept” inaclinical study carried out
by the U.S. Navy Malaria Program and its collaborators. The
construct elicited cell-mediated immune responses in study
volunteers, but did not elicit antibody responses and did not
confer protection against experimental challenge.

Investigators are expressing pre-erythrocytic stage antigensin a
variety of viral and bacterial vectors and evaluating their poten-
tial either as vaccines by themselves or as part of a heterologous
prime-boost strategy (i.e., one type of vaccineis used to prime;
and a second, different type is used to boost the immune re-
sponse).

VaccinesAgainst Asexual Blood Stages of
Malaria Parasites

Until recently, obtaining conformationally correct, immunogenic
recombinant proteins based on candidate asexual blood-stage

vaccines has hampered progress. However, scientists have now
established a number of approaches to produce such recombi-
nant proteins. These include expression of recombinant proteins
in anumber of systems, including Escherichia coli, Salmonella
spp., baculovirus, Saccharomyces cerevisiae, Pichia pastoris,
Drosophilacells, and transgenic mammalian cells. In addition,
crystallographic data are providing insights into the structure of
the 19-kD C-terminal fragment of merozoite surface protein 1
(MSPY).

A number of blood-stage vaccine candidates are in develop-
ment. |n studiesin Aotus monkeys, recombinant protein candi-
dates based on the 42-kD and 19-kD C-terminal fragments of
MSP1 have elicited protection. A phasel clinical trial of the
candidate based on the 19-kD fragment of M SP1 was carried out
at Baylor College of Medicine and demonstrated that the vac-
cine as formulated was poorly immunogenic and had unaccept-
ableside effects. Additional work will berequired beforefurther
development and clinical evaluation.

In collaboration with GlaxoSmithKlineand USAID, investigators
at WRAIR recently expressed the 42-kD C-terminal fragment of
themajor MSP1 in E. coli. Based on reactivity with apanel of
monoclonal antibodies, the antigen appears to be conformation-
ally correct. The antigen was subsequently formulated with the
same adjuvant used in the RTS,S studies (see above). In clinical
trials carried out in the United States, this vaccine appeared to
be safe and immunogenic, although the addition of the M SP1 42-
kD antigen to RTS,S did not appear to enhance protective effi-
cacy against experimental challenge. A clinical trial of therecom-
binant M SP1 42-kD fragment for assessment of safety and immu-
nogenicity in malaria-endemic populations hasbeeninitiated in
Kenya.

Under a cooperative research and devel opment agreement,
NIAID and Genzyme Transgenics Corporation eval uated the
feasibility of producing genetically engineered animals capable
of secreting arecombinant version of the M SP1 42-kD C-terminal
fragment intheanimals' milk. Because Plasmodium speciesdo
not carry out substantial N- or O-linked glycosylation, site-
specific mutations were introduced into the native sequence to
prevent glycosylation in the transgenic animals. When
glycosylated and nonglycosylated versions of these recombi-
nant proteins were compared in a head-to-head study in Aotus
monkeys, only the nonglycosylated version elicited protective
immunity. Taken in collaboration with studies of the same recom-
binant protein expressed from a baculovirus construct in insect
cells, these results suggest that the extent of glycosylation in
some expression systems may alter or obscure the immunogenic-
ity of protective epitopes. A recombinant version of the
ectodomain of apical merozoiteantigen 1 (AMA1) inwhichthe
glycosylation sites were also mutagenized also has been shown
to elicit protective immunity in Aotus monkey studies.

Other antigens that are being produced in recombinant protein
expression systemsinclude the 175-kD erythrocyte binding
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antigen (EBA175) of P. falciparum, and its paralog in Plasmo-
diumvivax, the Duffy binding antigen (DBA). Preclinical studies
have been conducted aready for these antigens, and it may be
expected that once formulated as candidate vaccines, they will
moveinto clinical trialsin thefuture.

In addition to the studies with vaccines based on recombinant
proteins, two clinical trials have been carried out recently with
vaccines based on long synthetic peptide versions of MSP3,

and the glutamine-rich protein (GLURP). Results of these studies
are expected in the near future.

VaccinesAgainst Sexual Stagesof Malaria
Parasitesand M osguito Vector Components
(Transmission-Blocking Vaccines)

Antigens of the sexual stages of the malaria parasite that can
induce transmission-blocking activity also have been identified.
Investigatorsat the NIAID MalariaVaccine Development Unit
(MVDU) haveex-
pressed in yeast a
recombinant protein
corresponding to a

anopheles F i

mosquito sporozoites

R Sy

25-kD molecule i
foundinP. i
fal ciparum (Pfs25). » |
Immunization with '?%'i'f' |
thismoleculedlicits (]
transmission-block- \es/

ing antibodiesin mﬂ;:li m.l::

animals; from these
studies, however, it
isclear that attain-
ing and maintaining
ahigh titer of trans-
mission-blocking
antibody islikely to
beimportant for efficacy. Phase| clinical testing of thisvaccine
candidate formulated with alum has been conducted, and pre-
liminary resultsindicate that improved formulation will bere-
quired. Experiments are underway to improvethe preclinical
profile and immunogenicity. A recombinant antigen correspond-
ing to asimilar 25-kD antigen found in P. vivax has al so been
produced by recombinant DNA technology by MVDU and
shown to elicit transmission-blocking activity in monkeys. A
phasel clinical trial isplanned for late 2002.

Plasmodiumlifecycle

Multicomponent Vaccines

Multicomponent vaccines directed against different antigens
and different stages of the parasite life cycle may offer an advan-
tage over single-component vaccines because they may provide
multiple levels of protection. Such vaccines also may reduce the
spread of vaccine-resistant strains, which can arise when the
parasite changes a surface protein to avoid detection by the
immune system.

Almost 10 years ago, a blood-stage vaccine (SPf66) developed
in Colombiawas reported to delay or suppress the onset of
disease during trialsin that country. In arandomized, double-
blind trial conducted in Colombia, the vaccine was reported to
have an overall efficacy of 40 percent. Two other clinical trialsin
South Americareported similar results. These studies, however,
were carried out in areas of low or seasona malariatransmission,
and thus the utility of this vaccine in areas of high transmission
and in other geographic locations was questioned. To address
theseissues, randomized, double-blind, controlled clinical trials
were carried out in Tanzania, The Gambia, and Thailand. Inthe
Tanzanian study, the estimated efficacy of SPf66 was 30 percent,
but with widevariability. Inthe Gambian and Thai studies, how-
ever, no significant efficacy was demonstrated. A later study in
Brazil aso did not demonstrate any efficacy of SPf66.

A combination vaccine consisting of recombinant proteins cor-
responding to fragments of three blood-stage antigens [MSP1,
MSP2, and ring-infected erythrocyte surface antigen (RESA)]
also has been in development by Australian investigators and
their collaborators, and has undergone clinical evaluation. In
phase | studies, the vaccine components were shown to be safe
and immunogenic. Subsequently, the vaccine underwent field
testing in Papua, New Guinea. In thisstudy in children5t0 9
yearsold, astatistically significant 62-percent reduction in para-
site density was seen in vaccinees compared to controls. Vac-
cine-elicited immune responses al so appeared to select against
the specific form of MSP2 targeted by the vaccine. However,
there was no difference in the number of clinical episodes be-
tween the vaccine and control groups.

An dternative approach to peptide or protein-based combina-
tion vaccines has been to use recombinant attenuated viruses
because they can incorporate multiple exogenous genes and
express the foreign malariaantigens. Vacciniavirus has been
used extensively as a smallpox vaccine and has demonstrated a
good safety profileinlarge numbers of individuals. However,
disseminated vaccinosis has been a problemin
immunocompromised individual s, suggesting that amalaria
vaccine based on a recombinant vaccinia virus might not have
an appropriate saf ety profilefor use in areas where human immu-
nodeficiency virus (HIV) infection hasahigh prevalence. This
concern is being addressed by the development of attenuated,
replication-defective viruses that could be used as a basis for a
recombinant vaccine. However, asthevirusis attenuated, it
becomes |less immunogenic; a balance has to be met between
safety and vaccine efficacy. An attenuated vaccinia vectored 7-
antigen vaccine (NY VAC-Pf7) has been tested in phase | and |1
trials, but resulted in poor antibody production and no protec-
tion.

Another exciting approach that is being developed for malariaas
well asfor anumber of other infectious diseasesis a DNA-based
vaccine. Such vaccines have the advantage that they may elicit
humoral and cellular arms of the immune response and that they
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may simplify evaluation of vaccinesinvolving multipledifferent
antigens. Thus, they may find utility at several stagesin the
vaccineidentification and devel opment process. However, be-
cause DNA vaccines are so hew, experiencewith themislimited.
Theissues of safety, immunogenicity, and efficacy, especialy in
the long term, still need to be addressed. A phase| trial of aCS-
based DNA vaccine was conducted at the Naval Medical Re-
search Institute. The vaccine failed to induce antibody re-
sponses, but did induce cytotoxic T cells. Studies are now un-
derway to elucidate means to enhance the immunogenicity of
this candidate vaccine. A number of |aboratories have reported
that in experimental systems, giving aprimary immunization with
aDNA-based vaccine followed by aboosting immunization with
arecombinant virus-based or recombinant protein malariavac-
cine, enhances theimmune response. In addition, multivalent
DNA vaccines are also under development.

Itisclear that before anideal vaccine can be developed, more
information is needed on the immune response to malariaand
the factorsinvolved in protection, including the use of immuno-
genicity-enhancing adjuvants and carrier proteins. Under its
research plan for malariavaccine development (http://
www.hiaid.nih.gov/dmid/mal aria/lmal vacdv/toc.htm) andits
Global Health Research Planfor HIV/AIDS, Mdaria, and Tuber-
culosis, NIAID has stimulated research in this areawith recent
initiatives and support activities. Novel vaccine targets, delivery
systems, and alternative strategies to prime and boost protective
immune responses differentially are being investigated. A re-
source for the collection of malariaresearch and referencere-
agents, named the Malaria Research and Reference Reagent
Resource Center, has been established at the American Type
Culture Collection to provide a central source of quality-con-
trolled, malaria-rel ated reagentsand information to theinterna
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tional malariaresearch community. As part of aconsortium,
NIAID, along with the collaborators Wellcome Trust, Burroughs
Wellcome Fund, DOD, National Human Genome Research Insti-
tute, and Stanford University, is supporting large-scale sequenc-
ing of genomes of Plasmodium parasites. Such efforts are ex

pected to result in the identification of new targets for potential
vaccines and drugs. The assembled sequence of the Anopheles
gambiae genome is available through two sites, National Center
for Biotechnology Information (NCBI) and European
Bioinformatics Institute (EBI). These dataare provided on an
interim basis since analysis by Celera Genomics and its partners
in the Anopheles Genome Sequencing Consortium is ongoing.
In 2001, NIAID awarded agrant to Celera Genomicsto sequence
the A. gambiae genome as part of an international consortium of
A. gambiae researchers and genome sequencing centers. Finally,
efforts are also in progress to expand capabilities to produce
candidate malaria vaccines and to accel erate their evaluation
domestically and internationally.

SCHISTOSOMIASIS

Schistosomiasisis another parasitic disease with amajor human
healthimpact. It isestimated that 200 million peopleworldwide
areinfected with thishelminth, and approximately 600 million
people live under conditionsin which they are directly exposed
to infection. Schistosomiasisis primarily achronic disease asso-
ciated with significant morbidity and loss of productivity; never-
theless, the mortality rate is estimated in the hundreds of thou-
sands.

Recent research on schistosomiasis has focused on the identifi-
cation of candidate vaccine antigens. Several of these candi-
dates have been shown to provide partial protection in a mouse
model of infection with the human parasite Schistosoma
mansoni, aform found in South Americaand Africa. Many anti-
gens are molecules associated with the invasive larval stage of
the parasite; these antigens were initially distinguished by their
reactivity with protective monoclonal or polyclonal antibodies.
They include the enzymes glutathione-S-transferase (GST) and
triose phosphate isomerase (TPI), aswell asa38-kD antigen
with prominent carbohydrate epitopes that are shared between
the larval and egg stages.

Another promising candidate, calpain, was recently identified
based on the ability of aT-cell cloneto transfer protection
against challenge infection in mice. Several other antigens also
have demonstrated partial protective activity. Schistosome
paramyosin, a muscle protein, has been shown to induce a
protective, cell-mediated immune response based on the produc-
tion of IFNg-activated macrophage effector cells. Several vac-
cine candidates are being tested for efficacy against S mansoni
in baboons. One, a28-kD GST of S mansoni, has been shown to
reduce worm burden or egg excretion in baboons and cattle. A
myosin-like antigen also has shown efficacy against S. mansoni
in mice and baboons. MAPs, based on selected regions of TP
and a 23-kD antigen, also have shown promise as candidate
vaccinesagainst S mansoni in mice.

Additional investigations on mechanisms to enhance the level
of protectiveimmunity achieved with purified native or recombi-
nant-derived antigens are underway; these studies include
evaluations of the benefit of combining antigens or of varying
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the method used to present antigen to cells of the immune sys-
tem. DNA-based vaccines also are being explored to identify
promising routes of administration, combinations of vaccines,
and protective immune effector mechanisms. Studies carried out
in Egypt, Brazil, and Kenyahave identified antigen-specific
immunol ogic correlates of resistance to reinfection in popul a-
tions at risk.

A candidate vaccine based on Schistosoma haematobium GST
has been evaluated in phase | and Il clinical trials. The vaccine
appeared to be safe and well tolerated, and elicited high titers of
IgG3and IgA, aswell as T helper (Th) 2 cytokine responses.

In certain settings, animal reservoirs may constitute a significant
source of infectious parasites, and it has been proposed that
immunizing the reservoir hosts may block transmission. Results
obtained in water buffalo immunized with paramyosinand GST
from Schistosoma japonicumare promising in thisregard.

OTHER PARASITIC DISEASES

Candidate vaccine antigens have been identified for other para-
sitic diseases, including leishmaniasis, toxoplasmosis, amoebia-
sis, filariasis, onchocerciasis, hookworm, and taeniasis. L eishma-
niasisis caused by several species of protozoan parasites found
in most areas of theworld, but particularly inthetropics. Inits
severest forms, this disease can cause serious disfigurement as
well as death, and WHO estimates worldwide prevalence to be
approximately 12 million cases. Several WHO-supported efficacy
trials of vaccines based on acombination of whole, killed Leish-
mania parasites and BCG have been carried out recently. In one
published clinical trial evaluating efficacy against anthroponotic
cutaneous leishmaniasisin Iran, no difference was found be-
tween the vaccine and the control groups; a subgroup analysis,
however, suggested that the vaccine might have a protective
effect in boys. This apparent protective effect in boys was unan-
ticipated and may be a chance finding. A second trial in Iran that
evaluated protection against zoonotic cutaneous leishmaniasis
found no efficacy, but only asingle dose of vaccine was given.
A subsequent study in Sudan that evaluated two doses of vac-
cine plus BCG, compared to BCG alone, found no evidence of
protective efficacy against visceral leishmaniasis. An alternative
approach involving the development of attenuated Leishmania
vaccines based on gene replacement in Leishmania major isin
early stages of preclinical investigation.

Two L eishmania surface antigens serve as ligands for the attach-
ment of the parasite to host macrophages, thereby enabling
infection to beinitiated. They are gp63, aglycoprotein with
protease activity, and a glycoconjugate known as
lipophosphoglycan. When tested as candidate vaccines, both
antigens have been shown to induce protection in a mouse
model of leishmaniasis. In addition, a46-kD promastigote anti-
gen, derived from Leishmania amazonensis, has been shown to
protect micewhen administered asthe native mol ecule admixed
with adjuvant or as arecombinant vaccinia construct. Expres-

sion cloning has been used to identify a novel parasite antigen
known as L eishmania-activated C kinase (LA CK) that appearsto
berelated to afamily of enzyme receptors. When administered
with interleukin (IL)-12, this antigen also has been shown to
confer protection against leishmaniasisin susceptible mice. P4, a
protein expressed intheintracel lular formsof Leishmaniapara-
sites, has been demonstrated to immunize mice against infection.
Protection correlates with establishment of an IFNg response. In
subsequent studies, P4 also was shown to elicit IFNg produc-
tion in peripheral blood lymphocytes obtained from patients
with American cutaneous leishmaniasis. P4 isnow being further
characterized and has been shown recently to have nuclease
activity, suggesting a possible function for thismolecule in
intracellular survival of Leishmaniaparasites.

NIAID-supported investi-
gators have demonstrated
that T-lymphocyte-depen- |
dent host responses to
the Leishmaniaparasites
determine whether the
disease is progressive or
sdlf-limited in experimental
anima models. More
specificaly, whenaThl
lymphocyte response N
(characterized by the L
production of cytokines,
suchaslIL-2or IFNg) is ' r
dominant, the disease is
self-limited, whereaswhen
aTh2lymphocytere-
sponse (characterized by
the production of other :
cytokines, suchaslL-4 e

and IL-5) isdominant, the | 458 .
disease is progressive.

NIAID-supported investigators demonstrated that incorporation
of the cytokineIL-12, aspecific stimulator of Thl responses,
into an experimental vaccine against leishmaniasisresultedin
complete protection of susceptible mice against progressive
disease. Neither IL-12 al one nor the experimental vaccinewith-
out I1L-12 conferred protection. Other NIA|D-supported investi-
gators have extended these findings by demonstrating that
immunostimulatory oligodeoxynucl eotides given as adjuvants,
or arecombinant Leishmaniaantigen, LelF, are also capable of
eiciting IL-12 and Th1 responses and conferring protection.

Heokworm Egas
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DNA immunization isalso being used to identify and validate
candidate vaccine antigensfor leishmaniasis. In mice, protection
against L. major has been demonstrated foll owing immunization
with DNA constructs encoding gp63 and LACK antigens. A
combination vaccinefor leishmaniasis, comprising three anti-
gensof L. major expressed as recombinant proteinsin E. coli, is
also under investigation and is expected to enter clinical trialsin
the near future.
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In recent years, it has been appreciated that the sandflies that
transmit L eishmania parasites also contribute to the pathogen-
esisdirectly. In particular, it has been observed that the sandfly
saliva present when the insect takes a blood meal and transmits
the parasite comprises substances that modulate blood and
immune responses. NIAID-supported investigators recently
identified a 15-kD protein in sandfly salivathat, when givenasa
vaccine, conferred protection against infection. The mechanism
of protection appears to be host cell-mediated responses to the
15-kD protein that are elicited when the sandfly takes ablood
medl.

Toxoplasmosisis primarily adisease of the central nervous
system that affectsindividual swith immature or compromised
immune systems. It usually is associated with neurological prob-
lemsin the devel oping fetus; however, more recently it has been
identified asamajor opportunistic infection in acquired immuno-
deficiency syndrome (AIDS) patients. The possibility of effec-
tive vaccination against this protozoan parasite was suggested
by experiments showing that miceimmunized with atemperature-
sensitive mutant of Toxoplasma gondii were resistant to further
infection with apotentially lethal strain. In addition, amajor
surface antigen of T. gondii, called p30, has now been cloned.
This antigen has been shown to stimulate cytotoxic T lympho-
cyteswith parasiticidal activity invitro. Purified native p30
recently has been demonstrated to protect mice against parasite
challengein vivo.

Amoebiasis, caused by invasion of the intestinal wall and gut-
associated organs by the protozoan parasite Entamoeba
histolytica, has been estimated to result in more than 100,000
deaths per year; the prevalence of infection may be as high as 50
percent in some developing countries. Recent studies have
identified agal actose-inhibitable amoebic lectininvolvedin
adherence of the parasite to the colonic mucosa. Gerbilsimmu-
nized with thislectin showed a significant reduction in develop-
ment of liver abscesses following infection, suggesting that this
molecule might form the basis of a potential vaccine against
amoebiasis. Investigators are working to identify the regions of
the lectin that elicit protective immunity and to devel op geneti-
cally engineered and recombinant subunit vaccines based on
these regions. In addition, investigators are working to identify
new antigens and delivery systems, especialy those that would
target mucosal immunity.

Lymphaticfilariasisisendemicin many tropical and subtropical
countries, whereit is estimated to afflict approximately 90 million
people. Initschronic form, thisinfection causesinflammation
and blockage of the lymphatic system, resulting in the condition
known as el ephantiasis. |mmunization with several Brugia
malayi antigens has been demonstrated to facilitate the clear-
ance of bloodstream forms (microfilariae) of the parasitein ani-
mal models. One such antigen is paramyosin, a60-kD antigen. In
addition, filarial collagen has been shown to partially inhibit the
development of infective larvaeinto adult worms.

Onchocerca volvulus, afilarial parasite, isthe causative agent of
African river blindness. There has been considerable progressin
theidentification, characterization, and cloning of antigens of O.
volvulus. A number of these antigens have exhibited promise as
vaccinesinanimal models.

Hookworms are aleading cause of anemiaand protein malnutri-
tion globally. Considerable progress has been made in recent
yearsto accelerate devel opment of hookworm vaccines. With
support from NIAID and HV | at the Albert B. Sabin Vaccine
Intitute, investigators of hookworm at George Washington
University haveidentified and cloned a number of potential
vaccine candidates. Recombinant expression systems for pro-
duction of these candidates are now being examined. Studies are
also underway to increase understanding of the immunological
protective mechanisms.

Finally, considerable progress has been made in recent yearsin
the development of vaccines against parasites of veterinary
importance, including Taenia ovis, Echinococcus granulosis,
Boophilus microphilus, Fasciola hepatica, Haemonchus
contortus, Ostertagia spp., and Trichostrongylus spp. The
results support the biological feasibility of developing vaccines
against these and related infectious agents. Furthermore, in
some cases it may be possible either to modify veterinary vac-
cines for future use in humans, or to disrupt the transmission of
these parasites to humans by immunizing animal hosts.

China ICTRD site which conductsresearch for parasitic infections.
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Respiratory Infections l

OVERVIEW

Infections of the respiratory tract continue to be the leading
cause of acuteillnessworldwide. Upper respiratory infections
(URIs) such as the common cold, strep throat, sinusitis, and
otitismediaare very common, especially in children, but seldom
have seriousor life-threatening complications. Lower respira-
tory infections (L RIs) include more seriousillnesses such as
influenza, bronchitis, pertussis (whooping cough), pneumonia,
and tuberculosis and are the leading contributor to the more
than 4 million deaths caused each year by respiratory infections.
According to the 1999 World Health Report, acute LRIs and
tuberculosis are among the top 10 leading causes of death from
an infectious disease worldwide. In the United States, pneumo-
niaand influenza are the sixth leading cause of death and are
responsible for 3.7 percent of al deaths. The populations at
greatest risk for developing afatal respiratory infection include
the very young, the elderly, and the immunocompromised. In
developing countries, most of the deaths caused by respiratory
infections occur in children younger than 5 years of age, and
the World Health Organization (WHO) estimates that 30 percent
of these deaths are attributable to pneumonia. The most com-
mon etiological agents of pneumonia are Sreptococcus
pneumoniae, Haemophilus influenzae, and respiratory syncy-
tial virus. Inthe elderly, influenza-related pneumoniaremainsa
leading cause of infectious disease-related deaths. Nosocomial
or hospital-acquired pneumoniaisamajor infection-control
problem. Pneumoniais the second most common type of noso-
comial infection, accounting for approximately 15 percent of all
nosocomial infections, with associated mortality rates of 20 to
50 percent. Nosocomia pneumonia can prolong hospital stays
by 4 to 9 days, resulting in additional costs of approximately
$1.2 hillion annually in the United States.

Although generally considered less severe than LRIs, URIs
have amgjor effect on global health. The common cold accounts
for approximately 20 percent of all acuteillnessin the United
States, with associated direct costs estimated at more than $500
million annually. Otitis media, which can be caused by avariety
of etiologic agents, including nontypeable H. influenzae, S.
pneumoniae, and Moraxella catarrhalis, is responsible for
substantial morbidity and can have long-term effects on speech
and language development in children.

According to the 1995 National Health Interview Survey con-
ducted in the United States, there were more than 223 million
acute cases of respiratory infections, with half requiring medical
attention. Acute respiratory infections accounted for an esti-
mated 640 million restricted activity days, 152 million bed days,
and 134 million days of work lost among employed persons
older than 18 years of age.

In addition, respiratory infectionswere responsiblefor millions
of visitsto hospital emergency rooms, outpatient departments,
and doctors' offices.

Adequate clinical management of infections depends primarily
on the rapid and accurate identification of the causative agent
and is essential to avoid the indiscriminate use of antibiotics,
which ultimately favorsthe development of antimicrobial resis-
tance. Treatment of infections caused by antibiotic-resistant
pathogens often requires the use of more expensive and poten-
tially more toxic drugs and usually resultsin longer hospital
stays. The difficulty in identifying the causative agent, the rapid
global emergence of antibiotic-resistant organisms, and the
increased incidence of atypical pathogens as the cause of respi-
ratory infections have complicated the management of LRIs. The
burden of respiratory infectionsis not only the loss of lives, but
also the substantial effect they have on health resources.

A major goal of the National Institute of Allergy and Infectious
Diseases (NIAID) Respiratory Diseases Branchisto stimulate
and support research that may lead to more effective and ac-
cepted prophylactic and therapeutic approaches for preventing
and controlling respiratory infections. Areas of interest include
developing and licensing vaccines and therapeutic agents for
respiratory pathogens; stimulating basic research on the patho-
genesis, immunity, and structural biology of respiratory patho-
gens; developing more accurate and more rapid diagnostic
tools; and understanding the long-term health effects of acute
respiratory infections in various populations.

BoRDETELLA PERTUSSIS

Even in the age of vaccine availability, Bordetella pertussis, or
whooping cough, continues to be a major cause of childhood
morbidity and mortality. An estimated 50 million cases and
300,000 deaths occur every year worldwide; casefatality ratesin
developing countries may be as high as 4 percent in infants. In
the United States, an estimated 6,755 cases were reported for
2000.

During the past 20 years, there have been significant develop-
ments in the field of pertussis. The most notable is the recent
availability of the acellular pertussis vaccine for usein infants
and toddlers. Since the late 1940s, the incidence of pertussis has
decreased dramatically in most developed countries as aresult
of widespread immunization. Initial vaccineformulations, which
aredtill inuse, consist of killed, but otherwise intact, B. pertussis
cells. Concerns regarding documented and perceived adverse
side effects accompanying whole cell vaccination prompted the
development of acellular vaccines based on a subset of highly
purified components of the organism. Several acellular vaccines
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are now licensed for usein the United States, beginning at 6
weeks of age. Thisfollowed aseries of seven phaselll clinical
trialsin Europe and North Africathat were completedin 1995.
These efficacy studies all demonstrated levels of protection for
most of the acellular
pertussis vaccines that
were equivalent to the
wholecell vaccine.
Vaccines containing
three or more antigens
were, generaly, more
efficacious than vac-
cines containing only
one or two antigens.
Furthermore, al the
acellular vaccinesdem-
onstrated fewer ad-
verse events for loca
and systemic reactions
compared to thewhole
cell productsfollowing
aprimary immunization.
Interestingly, thiswas
not the case in children
receiving a booster dose
of an acellular vaccine
between the ages of 4 and 6 years. In comparison to afourth
dose of an acellular vaccine administered at 18 to 24 months of
age, therate of local reactionsincreased following the fifth dose,
while systemic reactionsremained similarly low or decreased.
Furthermore, when eval uating the safety and immunogenicity of
various acellular vaccines among 4 to 6 year olds, children who
had previously received four doses of either an acellular vaccine
or whole cell vaccine showed local reactions that were signifi-
cantly more frequent after five consecutive doses of the acellular
vaccinethan after an acellular vaccine following four previous
doses of awhole vaccine.

IF&E courtesy of Denato Greco

Child with Bordetekka pertussis

Thefirst acellular vaccine, manufactured by Wyeth-L ederle, was
licensed for usein infants and children in the United Statesin
1996. Sincethen, several other acellular products have been
licensed, including products manufactured by Aventis Pasteur
and GlaxoSmithKline. All of thelicensed vaccinesin the United
States contain chemically or genetically inactivated pertussis
toxin. The acellular vaccines also contain additional surface
proteinseither in the form of filamentous hemagglutinin,
pertactin, or fimbriae.

Widespread vaccination of infants and children has resulted in
several interesting changes in the epidemiology of B. pertussis.
Although the frequency of the disease has declined overall, the
organism continues to pose a problem, as observed by a change
inthe clinical spectrum and age-related incidence of the disease.
In the prevaccine era, 85 percent of the cases of disease in the
United States occurred in children 1 to 9 years of age. By the

DIP Vaccines: Chronology

1906 Crganism is isolated and grown in
artificial media (Bordet-Gengou)

1912-14 Vaccing made from killed whole
cell B. purchases first introduced
into children

1930's Hendrick refines and uses whaole
cell vaccine in children

1942 Hendrick combines improved killed
vaccine with Diphtheria and
Tetanus Toxoids (DIF)

1947 DIF vaccine first recommended
for routine administration in UFS.

1965 Many states in UPS. pass school-
entry laws requiring DIP
immunization

1974-77 Cuestions about the safety of
whole cell vaccines in Greal Britain
and Japan. Vaccine uptake falls;
cases increase dramatically

1879 Sweden discontinues use of whole
cell vaccines due to safely issues
and lack of efficacy

1981 The British National Childhood
Encephalopathy Study is
published suggesting rare
association with acute necrologic
reactions. Japan initiates routine
immunization of two year-olds with
saveral cellular
vaccines

1986 Mational Childhood Vaccine Injury
Act is passed by the UPS.
Congress

19891-92 Several major efficacy studies
bagin in Europe and Africa

19493 Institute of Medicine publishes
findings on the nature, frequeancy
and circumstances of adverse
events following purchases

1984-95 Seven efficacy trials for evaluating
eight cellular vaccines completed

Courtesy of Carole Heilman and David Klein

138



The Jordan Report

1990s, only 41 percent of all casesoccurred in infants, while 27
percent occurred in persons 10 years of age or older. Diseasein
infancy is due to exposure before sufficient levels of protection
can be achieved through vaccination. In contrast,
postchildhood disease results from the waning of vaccine-in-
duced and natural immunity, resulting in repeat infections
throughout life and the opportunity for transmission to suscep-
tible infants. Although pertussisisrarely considered or diag-
nosed in older children or adults, it appears to be epidemiol ogi-
cally significant sinceit providesareservoir for infection of
unprotected individuals. Ultimately, the successful control of
pertussisin the community may require routineimmunization of
adolescents and adults.

One area of concern that has developed in recent yearsisthe
adaptation or mutation of the B. pertussis organism to vaccina
tion, thereby promoting resistance to the vaccines used to im-
munize the population. According to Dutch researchers, the
organism appearsto be disguising itself from the immune system
by changing certain antigenic features on its surface. This has
resulted in an increased incidence of disease in the Netherlands,
United States, and elsewhere. Comparing old and new strains of
pertussis over time has shown that at least two surface proteins,
important in the development of protection against disease,

have changed sufficiently to allow for an increase in theinci-
dence of disease due to areduced level of protection against the
more recently isolated strains of the organism. The major surface
variants have all been associated with altered forms (based on
DNA fingerprinting) of either pertussistoxin or pertactin, two
important virulencefactors. Interestingly, fewer vaccine-type
pertactin variants have been observed among vaccinated indi-
viduals compared to unvaccinated, which suggests the need for
continued vaccination, especially with the newer acellular vac-
cines.

In recent years, an increasing proportion of pertussis cases has
been documented in adolescents and adults. In adolescents and
adults, the spectrum of diseaseis quite wide and may manifest
itself aseither amild respiratory infection all the way to aparox-
ysmal cough with apnea. Pertussis is thought to be the cause of
12 percent to 26 percent of cases of cough illnessin adults.
Overdl, the information about pertussis disease in the adult and
adol escent patient is minimal compared to what is known about
the disease in children. However, it is clear that adults and ado-
lescents can transmit the disease to infants, and thus may repre-
sent the primary reservoir for the continued cycling of thisdis-
ease in acommunity. Even though pertussisis preventablein al
age groups, it israrely considered or diagnosed in older children
or adults. Natural and vaccine-induced protection from pertussis
wanes as children age, resulting in repeat infections throughout
life and an increased opportunity for transmission of this dis-
ease from infected adolescents and adults to susceptible infants.

A clinical trial wasrecently completedin 2,784 subjects 15to 65
years of age to define the incidence (number of new cases per a

given number of individuals per year), clinical spectrum, and
epidemiology of pertussisinfection and disease in adolescents
and adults, aswell asto define the safety, immunogenicity, and
efficacy of an acellular pertussis vaccine designed for usein
older individuals. The acellular vaccine was shown to be safe. A
total of 3,171 cough illnesses lasting longer than 5 days oc-
curred among the study cohorts, yielding a yearly incidence of
65 cough illnesses per 100 persons per year. Half had no cough
illnesses, and 25 percent had more than two episodes. Confirmed
pertussis occurred in two vaccinees and nine controls, yielding
an efficacy of 78 percent. This meansthe vaccine works approxi-
mately as well in this group of adolescents and adults as it does
inyoung children. The incidence of pertussiswas approximately
4 cases per 1,000 subjects per year. Thisincidence represents an
estimated 800,000 cases per year of pertussisamong older indi-
viduals in the United States; such illnesses are often long last-
ing and not benign. Extensive experience in children suggests
that an acellular pertussis vaccine given to adolescents and
adultsin the form of adiphtheria and tetanus toxoids and acellu-
lar pertussis (D TaP) vaccine combined booster would be safe
and effective in reducing the burden of disease in this popula-
tion, in addition to reducing transmission to infants. Other target
groups|[e.g., those with asthmaor cystic fibrosis (CF), or
immunocompromised individual s] would benefit aswell. In addi-
tion, immunizing adolescents and adults should not involve
significantly higher costs than the current diphtheria/tetanus
immunization boosters that adolescents and adults receive.
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CHLAMYDIA PNEUMONIAE

Background

Chlamydia pneumoniae (CP) is recognized as an important
cause of acute respiratory tract infections, including pharyngitis,
sinusitis, and bronchitis; in addition, severe systemic infections,
while uncommon, do occur. It isacommon cause of pneumonia,
accounting for approximately 10 percent of all cases of pneumo-
niaand 5 percent of all cases of bronchitisin the United States.
Infectionisusually asymptomatic, especially in young age
groups. Most children become infected between the ages of 5
and 14 years. However, the disease is more severe and has the
highest incidence in the elderly; case fatalities of 6 to 23 percent
have been reported in this population. Transmission of the
disease is person to person via respiratory droplets. Although
CP has been isolated from the nasopharynx of healthy individu-
als, the rate of asymptomatic carriage in the normal populationis
unknown. Epidemics of pneumonia caused by CP have been
documented in a number of geographic locations (mostly in
northern Europe). In addition, CP has been implicated as a caus-
ative agent in chronic obstructive pulmonary disease (COPD)
and has been associated with the exacerbation of asthma. Stud-
iesindicate that approximately 40 to 60 percent of the adult
population worldwide has antibodies to CP, suggesting that the
infectionisuniversal.

Clinical disease manifestations associated with CP extend be-
yond respiratory illnesses. For example, there has been arecent
association of CPwith cardiovascular disease. Initially, this
association was made on the basis of elevated immunoglobulin
(lg) G and IgA antibodies and increased chlamydial lipopolysac-
charide (L PS)-contai ning immune complexesin 50 to 60 percent
of patients with coronary heart disease or acute myocardial
infarction, compared to 7 to 12 percent in control patients. Sub-
sequent to these studies, several other investigators in the
United States and other countries have reported similar findings
in patients with coronary heart disease and have cometo similar
conclusions. Recent studies indicate that CP can be identified in
postmortem brain samples of patientswith Alzheimer’s disease,
and inthe cerebral spinal fluid of patientswith multiple sclerosis.
CP also has been associated with Guillain-Barré syndrome and
endocarditis. Infections caused by CP can result occasionally in
shock and multiorgan dysfunction syndrome and have been
associated with acute pulmonary exacerbation in some patients
with CF. CP has been isolated from immunosuppressed patients,
such as those with acquired immunodeficiency syndrome
(AIDS); however, itsrole as an opportunistic pathogen is un-
clear. Thus, infections attributed to or associated with CP have a
substantial impact on the public health in the United States and
worldwide. Although conventional antibiotic therapy has been
shown to be effective against CP, recurrent infections have been
shown to occur following treatment. Conseguently, alternative
strategies such as vaccine development should be considered.

Asagroup, Chlamydia causeimportant infectionsin animals
and humans. Chlamydiaare distinguished from other bacteria by

having auniquelife cycle with an orderly alternation of dimor-
phic formsthat are functionally and morphologically distinct.
Theinfectiousform, known asthe elementary body (EB), is
speciaized for invasion into susceptible host cells. Following
endocytosis, the EB differentiatesinto alarger form called the
reticulate body (RB). Onceinside the cells, the organism resides
inside membrane-bound vesicles and can modify the inclusion
membrane, resulting in evasion of lysosomal fusion and immune
detection. Chlamydiagrow only intracellularly and requireand
use substrate and energy pools of the host cells for growth, and
as such have been termed energy parasites. A specia property
of Chlamydiaistheir ability to persist in cells, and this property
may result in latent or chronic infections. The chronic state may
be related to the ability of the organismsto develop into mor-
phologically aberrant formsthat do not divide or differentiate
into EBs; this state may favor the development of immune-medi-
ated diseases and the avoidance of host defense strategies.
Studies show that these aberrant forms can be induced experi-
mentally by the administration of cytokines, such asinterferon
gamma, and are characterized by the absence of typical inclu-
sions, low-gradeinfectivity, and altered expression of key mem-
brane surface proteins. Thereis alack of understanding about
the mechanisms by which Chlamydia cause disease, and very
littleinformation is available on factors associated with viru-
lence. The organisms possess two major surface proteins: Outer
membraneprotein (OMP) 1 and L PS. Chlamydial LPShasalow
endotoxic activity when compared to the L PS of enterobacteria;
however, the role of LPS or the OMPs in pathogenesis has not
been defined. Studies indicate that the aberrant form has an
altered expression of the OMP. Chlamydiado not have a pepti-
doglycan layer, but do have penicillin-binding proteins on their
cell walls. In addition, they express anumber of heat shock
proteins (HSPs).

Certain characteristics, such as DNA homology, distinguish CP
from two other closely related organisms, Chlamydia
trachomatis and Chlamydia psittaci. Thus far, CP has been
found to have oneimmunotype, TWAR (derived from the first
two strains, TW-183 and AR-39). However, morerecent studies
indicate that CP strainsare antigenically different from each
other, suggesting that more than one serovar of CP exist. The
organism forms dense round inclusions in tissue culture cells
that are more similar to C. psittaci than to C. trachomatis. In
addition, CP has a characteristic pear-shaped EB that is sur-
rounded by a periplasmic space. Ultrastructural studies of the
entry of CP organismsinto Hel acells show that the mode of
attachment and endocytosis of CP are different from those of C.
trachomatis and C. psittaci.

Current Satusof Research and Development

Very little research has been done on the development of vac-
cines against diseases caused by CP. At present, most studies
are focused on methods of diagnosis, the immunobiology of CP,
and the response of the host to infections caused by CP. Recent
advances in isolation techniques have improved tremendously
the capacity to detect the organism in clinical specimens. Mono-
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clonal antibodies specific for CParenow commercially available
for culture confirmation, and several CP-specific primershave
been used in polymerase chain reaction (PCR) detection of or-
ganisms. However, efforts are being made to develop amore
sensitive multiplex PCR system.

Several studies have been conducted over the years to examine
the mechanismsinvolved in abnormal immune reactions associ-
ated with CP. For exampl e, genes encoding HSPs associated with
immunopathology and those associated with protective re-
sponses have been identified in CP. Among these, HSP60, recog-
nized by using serafromindividualsinfected with CP, isex-
pressed at high levels during periods of stress and is particularly
high in the aberrant form of the organisms; for example, high
levelsare expressed during chronic, persistent chlamydial infec-
tions. In astudy designed to examine the significance of HSPsin
the development of atherosclerosis, it was shown that chlamy-
dial HSP60 can induce avariety of proinflammatory cytokinesas
well asincrease the expression of cellular adhesion moleculeson
immuneand vascular cells. In addition, at the molecular level,
HSP60 induced the activation of nuclear factor kappaB (NFkB),
which may contribute to the gene expression of these molecules.
In another study, it was shown that a peptide from heart muscle
that has homology with CP OMP can induce an autoimmune
inflammatory heart disease, suggesting that CP may be linked to
heart disease by antigenic mimicry of heart muscle protein.

Thereis atremendous gap in understanding the host immune
responsesto infections caused by CP. Cell-mediated immune
responses can be demonstrated in individuals infected with CP
by blast transformation assays using peripheral blood mono-
nuclear cells and have been demonstrated in experimental stud-
iesusing CP EB antigens. CP infections also induce serum IgM,
IgA, and 1gG antibody responses. However, therole of cell-
mediated or humoral immunity in recovery frominfections
caused by CP remainsto be determined. Studiesindicate that
immunity to CP may be dependent on the expression of inter-
feron gamma, acharacteristic product of T helper 1 (Thl) T cells.
Recently, anumber of species-specific, potentially immunogenic
antigens have been characterized. Two of these, an OMP2 and a
HSP, have epitope configurations consistent with the capacity
toinduce aT-cell proliferative response.

Considerable research has been directed at understanding the
association of CP with coronary heart disease. Indeed, morpho-
logical aswell asmicrobiological evidenceindicating the pres-
ence of CP in atheromatous plagques has been obtained using
electron microscope studies, immunocytochemical staining, and
PCR testing of coronary, carotid, and aortic atheroma. In most
studies, it is clear that the organisms are more commonly found
in diseased than in normal tissue. However, therole of CPinfec-
tion in the progression to atherosclerosis is unclear. Other stud-
ies have focused on elucidating the mechanisms of pathogen-
esis. The results of these studies suggest that the initial events
may be the colonization of CPin alveolar macrophages. Indeed,

macrophages or monocytes are likely to play akey roleinthe
infection, serving as avehicle for dissemination and responsible
for the inflammatory response to infection through the elabora-
tion of avariety of inflammatory mediators. Studies show that
CP can grow in blood monocytes, monocyte cell lines, and a
variety of vascular cells. CP aso can induce the expression of
cytokines, including tumor necrosisfactor-alpha(TNF-a),
interleukin (IL)-6, IL-1 beta, and interferon gamma, aswell as
increase the expression of cellular adhesion molecules. In addi-
tion to the release of cytokines from macrophages, activated T
cells produce cytokines that cause infiltration of monocytes and
lymphocytes from the blood. However, it is not clear how these
events lead to the development of atherosclerosis.

Itisstill not clear whether CP actually causes atherosclerosis or
ismerely abystander in the process. Studies in animals show
that CP is capable of initiating and accel erating the devel opment
of atherosclerosis. For example, acombination of CPinfection
and small amounts of cholesterol supplementation enhanced the
development of atherosclerosisin rabbits; however, antibiotic
treatment of rabbits significantly reduced the devel opment of
atheroscleratic lesions. Three prospective human studies, con-
ducted to examine whether cardiovascular diseases are amenable
to antibiotic treatment, have now been reported. These studies
indicate that cardiovascular events are reduced following treat-
ment. However, in light of other studies showing conflicting
results, the future of antibiotic therapy is uncertain. Several
other treatment trials are underway.

There are currently no licensed vaccines for CP. Recent ad-
vances inimmunological techniques and molecular genetics now
make the devel opment of such avaccinefeasible. Littleisknown
about the microbial components of CP that may serve as vaccine
targets. Studies show that the major outer membrane protein
(MOMP) of C. trachomatisinduces the activation of T cellsthat
are protective against C. trachomatis infections. There have
been conflicting reports, on the other hand, regarding the immu-
nogenicity of the MOMP of CP. Some studies indicate that this
antigen is poorly immunogenic, whereas other studies show a
moderate to high level of immunogenicity. Clearly, thisareaof
research needs to be investigated further using purified CP
MOMP. Recently, two novel genes encoding CP OMPs have
been identified and found to be immunogenic in mice. A major
impediment in the devel opment and application of avaccine
against CP is poor understanding of the host defense mecha-
nisms against this organism. Animal experiments show that a
Thl-type immune response to infection promotes protection,
whereas animal s that are susceptible to infection manifest a Th2-
type immune response.

Therearethree experimental animalsavailablefor CPinfections:
Mouse, rabbit, and monkey. Mice have been shown to be the
most susceptible to intravenous, subcutaneous, or intracerebral
infection. These experimental animal models can be used to
examine potential vaccine candidates. For example, although CP
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isprimarily arespiratory pathogen, it is conceivable that vaccine
administration may prevent systemic spread to other organs. In
an effort to understand latent infection caused by CP, it has
been reported that CP lung infection in mice can be reactivated
by treatment with cortisone; however, the underlying mecha-
nismsremain to beclarified.

Recent Accomplishmentsand Developments

Although CPisawell-known causative agent of respiratory
infections, it also has been associated with cardiovascular and
neurologic disease (including multiple sclerosis, stroke, and
Alzheimer’sdisease). Thereis now considerableinterest in un-
derstanding the mechanisms involved in the process of athero-
genesis; there are studies in progress to determine how CP
organisms colonize and destroy the walls of blood vessels. The
earliest |esions seen consist of foam cells (mainly lipid-laden
macrophages) and T lymphocytesintermixed with smooth
muscle cells. Previous studies using el ectron microscopy have
identified CPwithin foam cells. In arecent study, it was shown
that CPLPS, amajor bacterial cell wall component, could induce
foam cell formation, suggesting that CP contributes directly to
atherogenesis. In another recent study, it was observed that
chlamydial HSP60 induced cellular oxidation of |ow-density
lipoprotein; thisfinding offers amechanism whereby CP may
promote the devel opment of atherosclerosis. In addition, anum-
ber of treatment trials are ongoing based on the concept that the
administration of antimicrobial agents may decreasetherisk of
cardiovascular disease.

Future Stepsand Challenges

Efforts should be made to obtain more accurate and morerapid
diagnostic methods to ensure timely detection of CP. Studies
should be done with more sensitive assays to obtain a better
understanding of the epidemiology of diseases caused by CP.
Important risk groups should be defined because immunization
recommendations will depend on who is at risk. Studies should
be conducted to abtain information on the cell biology and
molecular genetics of the organism, characterize CP-specific
proteins, and identify microbial components that may serve as
vaccine targets. Molecular mechanisms associated with attach-
ment and invasion should be defined, and the host defense
mechanisms, strategies for immune evasion, aswell asthe un-
derlying mechanisms of protection should be elucidated. Major
efforts should be made to develop vaccines against infections
caused by CP It is also necessary to develop appropriate animal
models that could be useful in investigating chronic or latent CP
infections. Specifically, basic research studies should be con-
ducted to determine which factors contribute to the develop-
ment of atherosclerosis, aswell as other cardiovascular and
neurological diseases. Further, experiments should be done to
evaluate the impact of antibiotic treatment on CP-associated
coronary heart disease, aswell as the impact of such treatment
on the mortality associated with CP infections.
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GRrour A STREPTOCOCCI

Group A streptococci (GAS) cause abroad spectrum of disease
that ranges from uncomplicated pharyngitis and skin infections
to life-threatening invasive iliness that includes pneumonia,
bacteremia, necrotizing fasciitis, streptococcal toxic shock syn-
drome (STSS), and nonsuppurative sequelae consisting of acute
rheumatic fever (ARF) and glomerulonephritis. Streptococcal
pharyngitis has been and continues to be one of the most com-
mon childhood illnesses throughout the world. Skin infections
caused by GAS are aparticular problem in tropical and subtropi-
cal climates and summer months of temperate or northern cli-
mates. Outbreaks of necrotizing fasciitisand STSSwith signifi-
cant rates of morbidity and mortality among otherwise healthy
individualswerefirst reported in the 1980sin the United States,
Europe, and Japan and have continued into the 21st century.

142



The Jordan Report

Although the incidence of ARF has varied in the United
States—decreasing in the 1970s, reappearing in the 1980s, and
being limited to Utah and occasional outbreaksin the 1990s—
this disease continues to be a serious public health problem in
developing countries. Recurrent infectionswith GASfollowing
ARF result in rheumatic fever and rheumatic heart disease (RF/
RHD), requiring costly resourcesfor medical and surgical treat-
ment. RF/RHD isthe major cause of heart diseasein children
around the world. Postinfectious glomerulonephritisis the most
common form of glomerulonephritisin children, and GASarethe
most frequent infectious etiology. The frequency and severity of
poststreptococcal glomerulonephritis seem to be diminishing in
the United States, and epidemics have been rare since 1965.
However, sporadic outbreaks of poststreptococcal glomerulone-
phritis continue to be reported in developing countries and
close communities with poor hygiene. The high burden of dis-
ease from streptococcal infections emphasizes the need for a
safe and efficacious vaccine.

Confirmation of Group A Streptococci

A GASvaccine hasbeen ahigh priority at NIAID (see Appendix
A, table of priority vaccines from first Jordan Report). The most
significant obstacle to the development of a GAS vaccine has
been circumventing an autoimmune response. The basis of this
concern istheimmunological cross-reactivity that has been
demonstrated between the streptococcal epitopes and host
tissues, including heart, kidney, articular cartilage, and basal
gangliaof brain. Therole of cross-reactive antibodiesin the
pathogenesis of GAS disease, especially ARF, has not been
elucidated yet. Because humans are the only host for GAS, the
development of animal models has been a challenge that has
hindered progress. Human clinical trialsto evaluate GASvaccine
candidates were impacted for more than 20 yearsfollowing the
report of ARF in volunteersreceiving an M protein-based GAS
vaccinein 1976. During that time, the use of biotechnology and
advances in streptococcal research resulted in new vaccine
candidates that are in various stages of development. The most
significant scientific advance that has allowed progressin vac-
cine devel opment was the identification of M protein protective

epitopes and M protein human tissue cross-reactive epitopes,
providing abasis for inclusion or exclusion of epitopesto de-
sign safe vaccines. State-of-the-art biotechnology methods were
used to dissect and manipulate streptococcal DNA and proteins
for the elucidation and characterization of epitopes and provide
toolsto prepare vaccines for preclinical testing. Twenty years
ago, effortsrelated to GAS vaccines were focused on M protein
serotype specific protection. Recently, vaccine development has
extended to the eval uation of surface molecules common among
GAS to design vaccines that would evoke broadly protective
immune responses after immunization.

Type-specific sequences of the M protein have been used to
develop GA Svaccines becauseimmunity to GASis mediated
predominantly by opsonic serotype-specific antibodies to the M
protein. A multivalent approach is necessary because antibodies
to a specific M protein serotype are only protective for that
homol ogous serotype, and there are more than a hundred differ-
ent M serotypes. Epidemiologic studies will guide the selection
of M serotypesto beincluded in a GAS vaccine. A prototype
hexavalent GAS vaccine was devel oped that in preclinical test-
ing did not produce human tissue cross-reactive antibodies in
an animal model. The hexavalent vaccine consists of arecombi-
nant protein adjuvanted with alum. It is currently being evalu-
ated for safety in an open label, phase I, dose escalation clinical
trial at the Center for Vaccine Development, aNIAID-supported
Vaccine and Evaluation Treatment Unit. The vaccinewas admin-
istered parenterally and was found to be well tolerated in volun-
teersin the first and second cohorts; testing in a third cohort
wasinitiated in early 2002. A newer formul ation consisting of 26
serotypes, StreptAvaxa, is being evaluated in Canada by |ID
Biomedical Corporation. By selecting the highest frequency of
serotypes, it is expected that the collection of peptidesin this
formulation should create antibodies to more than 90 percent of
GAS serotypes currently found in North America.

Conserved sequences of M protein also have been used for
developing a GAS vaccine. This approach is based on severa
studies demonstrating that adults have antibodies to peptides in
the conserved region, areflection of continuous exposure to
GAS. Epitopes from the conserved region of the M protein that
do not cross-react with human tissue have been evaluated for
use in several vaccine candidates. One strategy uses alive
vector delivery system, the oral commensal Streptococcus
gordonii, which has been genetically manipulated to express a
conserved M protein epitope from Sreptococcus pyogenes. The
vaccineisdesigned to evoke a GA S-specific mucosal immune
response following administration viaan intranasal/oral route,
colonization, and expression of the conserved M protein epitope
on the surface of S gordonii. Because of the novel delivery
system, clinical trialsto test the reactogenicity, colonization, and
eradication of the S. gordonii vector were necessary. Phase |
clinical trials to evaluate safety have been conducted at the
Center for Vaccine Development. Thelive S. gordonii vector
waswell tolerated. All volunteerswere colonized for at least 1
day, and the vector was eliminated either spontaneously or with
antibiotics.
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Several M protein strategies are being used for the development
of a GAS vaccine designed for the Australian Aboriginal popula
tion. The approaches involve an epitope of the conserved re-
gion of the M protein, either alone or in combination with M
serotype epitopes. Earlier work was focused onidentifying a
minimum, helical, nonhost-cross-reactive epitope from the con-
served region of the M protein. This epitope was placed in a
non-M protein peptide sequence designed to maintain helical
folding and antigenicity. Because this conserved region of the
M proteinisidentical inonly 70 percent of GASisolates, com-
mon M serotypeswereidentified in communitieswith endemic
GAS. Recently, seven serotype peptides were linked to the hy-
brid peptide with the conserved epitope to create a
heteropolymer. This construct demonstrated excellent immuno-
genicity and protectionin mice.

Twenty years ago, vaccine efforts were focused on M protein-
based vaccines. Although this work has continued, recent ef-
forts have involved other GAS proteins as vaccine candidates.
Each has been shown to induce nonserotype-specific immunity.
Animal studiesinvolving these vaccine candidates were de-
scribed in the Jordan Report 2000. A brief summary of promis-
ing GAS vaccine candidates under development follows.

Cha peptidase (SCPA) has an important role in the virulence of
GAS. Antibodies to SCPA have been detected in adults, but are
lacking in young children, reflecting exposureto GAS. Vaccine
efforts are focused on preventing nasopharyngeal colonization,
thereby reducing the incidence of streptococcal pharyngitis and
more serious complications. Previous studies with intranasal
administration of highly pure SCPA demonstrated protection to
intranasal challenge with heterologous serotypes of GAS. Re-
cent studies demonstrated an immune response in mice follow-
ing vaccination with arecombinant truncated form of SCPA that
was administered with adjuvant (monophosphory! lipid A

and alum).

S pyogenes exotoxins (SPE) belong to alarge family of proteins
secreted by GAS. SPE A and SPE C are being devel oped as
vaccine candidates because of their association with invasive
GASdiseases, e.g. STSS. Vaccine toxoids have been con-
structed for SPE A and SPE C that are nontoxic and protective
when used as vaccines against experimental STSSin rabbits.
Although these toxoids are likely to have a significant effect on
reducing the incidence of STSS and scarlet fever, they may or
may not have protective effects against other invasive strepto-
coccal diseases. SPE B contributesto streptococcal virulence
and also is being developed as a vaccine candidate. Recent
studies support the role of SPE B in the production of cutaneous
and invasive disease. Studies in animals demonstrated that
antibodiesto SPE B enhance survival of mice challenged with
highly virulent GAS.

Another streptococcal protein that is being developed as a GAS
vaccine candidateisfibronectin-binding protein | (Sfbl). Thisis
amultifunctional protein that mediates bacterial attachment to

host cells and allows GAS to evade phagocytosis by polymor-
phonuclear leukocytes. This protein is highly conserved, lo-
cated on the bacterial surface, expressed by alarge number of
clinical isolates from different serotypes, and lacks cross-reactiv-
ity with host tissues. Several formulations of Sfbl are being
explored. Theintranasal route of administration has been used
to demonstrate protection against homologous or heterologous
lethal challenge with GAS. It iscurrently being used to evaluate
immune responses after intranasal administration with Sfbl de-
rivatives. Another approach under investigation is the constitu-
tive expression of Sfbl and Sfbll in an attenuated Salmonella
typhimuriumaroA live oral delivery system. Itisinteresting to
note that this system demonstrated protective immunity in stud-
iesin thelate 1980swhen it was used for the expression of
cloned streptococcal M protein.

The potential for GAS carbohydrate to protect against GAS
infections has been under investigation. Most human sera con-
tain antibodies to GAS carbohydrate, and acquisition of anti-
bodies appears to be age related. Animal studies using passive
and active immunization have demonstrated that GAS carbohy-
drate antibodies protect against lethal challenge. GAS carbohy-
drate antibodies raised in animals were not cross-reactive with
human tissues.

NIAID funding has supported research projects related to strep-
tococcal pathogenesis and vaccine formulations. Vaccine candi-
dates have emerged that are in various stages of devel opment.
During the past 5 years, clinical trials have been conducted at
the Center for Vaccine Evaluation to evaluate GA S vaccines and
vaccine approaches. Research efforts will continue to be sup-
ported with an emphasison GA S virulence determinants, im-
mune response to GAS, and pathogenesis of GAS infections.
Thefutureis optimistic for the development of safe and effective
GASvaccines.
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GRrour B StrepTOCOCCI

Inthe 1970s, Group B streptococci (GBS) emerged asthe most
important infectious cause of neonatal morbidity and mortality
and pregnancy-related morbidity. Two syndromesin infants had
been recognized: Early onset disease (primarily sepsis, pneumo-
nia, and bacteremiawithin thefirst 7 daysof life), and late onset
disease (primarily meningitis between 7 and 90 days of age). GBS
arevertically transferred from a col onized mother during delivery
and can cause invasive disease. Neonatal disease prevention
strategies in the United States have focused on the identifica
tion of vaginal and rectal colonization in pregnant women, and
the use of antibiotics during labor and delivery in those women
who are colonized. Although there has been a decrease in the
incidence of early onset neonatal infections (65 percent) and
invasive GBSinfectionsin pregnant girlsand women (21 per-
cent), the incidence of late onset GBS disease in infants has not
changed. While this strategy is effective, it isan interim solu-
tion. It has not been ableto eliminate GBS disease and encour-
ages the widespread use of antibiotics, with related concerns
that include emergence of drug resistance in GBS. Recent data
indicate that 15 percent of GBSisolates are resistant to
clindamycin, and 21 percent to erythromycin.

Activeimmunization of women during thethird trimester of
pregnancy to induce antibodies and passively protect their
newborns has great potentia for the prevention of maternal and
infant disease. GBS vaccines produced under a NIAID-sup-
ported contract have been found to be safe and induce high
levels of functional antibodiesin women of childbearing age.
Recently, aphasel clinical tria in healthy, low-risk, third trimes-
ter pregnant women was completed. The vaccine waswell toler-
ated and all deliveriesresulted in anormal neonatal outcome.

The main obstacle in developing a GBS vaccine for neonates
frominvasive GBS diseaseisalitigation concernrelated toliabil-
ity of vaccine manufacturers. Thefeasibility of materna immuni-
zation has been demonstrated. Worl dwide immunization of preg-
nant women for the prevention of infection in the infant is used
routinely for neonatal tetanus, amajor cause of infant mortality.
However, safety data related to neonatal outcomes other than
tetanus have not been collected. The risk involved in maternal
immuni zation needs to be better defined. The current use of
inactivated influenzavaccinein pregnant women in the United
States provides an opportunity to design studies to collect
safety data to demonstrate the safety of this approach.

Recent datareport an increase in the incidence of invasive GBS
disease in nonpregnant adults. The majority of these cases
occur in adults with significant underlying conditions, such as
diabetes, neurological impairment, breast cancer, and cirrhosis.
Common clinical manifestations of GBS diseasein adultsinclude
skin and soft tissue infections, bone and joint infections, and
pneumonia. Meningitis and endocarditis are less common but,
when present, are associated with serious morbidity and mortal-
ity. The case fatality rate is higher in adults than in neonates,
and adults over the age of 65 are at the highest risk of dying
frominvasive GBS disease. These adults are an at-risk popula-
tion that may benefit from a GBS vaccine, but the protectiverole
of vaccine-induced antibodiesisunknown. A challengefor GBS
vaccine development is to better understand innate and adap-
tive responses of theimmune system in relation to GBS patho-
genesis in these populations.

The development of a GBS vaccine has been supported by
NIAID since 1976. The primary focus of vaccine development
has been GBS capsular polysaccharides (CPS). GBS serotypes
areidentified on the basis of the CPS structure, and antibodies
generated against the CPS confer protective serotype-specific
immunity to GBSinfection. Thefirst Jordan Report noted that
GBS vaccineswere being eval uated for antigenicity in human
clinical trials. Phase | studieswere in progress with vaccines that
consisted of GBS CPStypeslI|, 11, and la. Although these vac-
cineswere safe, they were not very immunogenic. Conjugate
vaccines became the focus of improving immunogenicity, with
early studies optimizing parameters such as the CPS component,
GBS and nonproteins as carrier molecules, and amount of cross-
linking of CPSto aprotein carrier. NIAID contracts have sup-
ported these vaccine design studies, as well as the production
of GBS glycoconjugate vaccinesfor serotypesia, Ib, I1, 111, and
V. Starting in 1993, phase | and phase Il trials have been con-
ducted with conjugated GBS vaccines. Approximately 120 volun-
teersreceived uncoupled CPS, and 662 volunteersreceived CPS-
protein conjugates. A summary follows:

e Conjugated vaccines were compared to unconjugated CPS
vaccines to evaluate reactogenicity and immunogenicity
and to determine optimal dose. Each CPSwasindividually
conjugated to tetanus toxoid (TT), and a second type V
conjugate was prepared with the mutant diphtheria toxoid
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cross-reactivematerial 197 (CRM ). Thevaccineswere
well tolerated and the CPS-TT vaccineswere moreimmuno-
genic than uncoupled homologous CPS (CRM conjugate
was not compared to uncoupled GBStypeV CPS). Func-
tional antibody of vaccine-induced antibodies was
demonstrated in an in vitro opsonophagocytosis assay.

e Most clinical trialsinvolved monovalent vaccine prepara-
tions, with the exception of abivalent study in whichaGBS
I11-TT and GBSII-TT were administered together. The
magnitude of the immune response with the bivalent
vaccine was comparable to that observed in the monova-
lent vaccine recipients.

e A singleinjection of vaccine was administered in the
clinical trials, with the exception of one study in which
volunteersreceived aGBSIII-TT booster 21 months after
the first dose. A booster response was only observed in a
group that had undetectable GBS 11 CPS-specific IgG
beforethefirst dose of GBSIII-TT conjugate vaccine.

e Theeffect of an alum adjuvant on immunogenicity was
tested. Adsorption of aGBSI11-TT to alum did not improve
the immune response to the type 11 CPS antigen in a study
inwhich unadsorbed and adsorbed GBS111-TT vaccine
were administered to volunteers.

» A randomized, double-blind, placebo-controlled, phasel
clinical trial wascompletedinwhichaGBSIII-TT was
administered to healthy, low-risk, third trimester pregnant
women. The vaccinewaswell tolerated, healthy babies
weredelivered by all vaccine recipients, and vaccine-in-
duced typelll CPS-specific IgG was shown to be efficiently
transported to the infant and functionally active through 2
months of age. These data suggest that a GBS CPS conju-
gate vaccine has the potential to prevent early onset and
late onset infant GBS disease and invasive disease in preg-
nant women.

Although these data demonstrate progressin GBS vaccine
development, there are several challengesthat relateto CPS
conjugate vaccines. Thefirst involvesthe multiplicity of sero-
types. GBS serotypesla, Ib, I1, 111, and V arethe predominant
serotypes that have been isolated from neonates, young infants,
pregnant women, and adults with invasive GBS disease in the
United States. Because antibodies against GBS CPS are serotype
specific, amultivalent vaccine will need to be developed to
provide broad protection. Parametersthat will need to be opti-
mized for amultivalent vaccine include the number and amount
of the protein carriersin the CPS formulation. The second relates
to use of aGBSvaccinefor maternal immunization, inthat a
correlate of immunity needsto be determined for GBS serotype.
The success of using antibiotics for prevention of neonatal
sepsis has reduced the number of cases of GBS neonatal sepsis
inthe United States, resulting in problems for conducting effi-
cacy trials of GBS vaccines and presenting the need for anti-
body levels that correlate with protection. Although some data

arecurrently available, information for all serotypes causing
invasive GBS diseaseisrequired.

An alternative strategy for prevention of GBS diseaseisto de-
velop avaccine based on a GBS surface protein. Some advan-
tages of this approach are that these proteins are immunogenic
and do not need to be conjugated to other molecul es. Recombi-
nant DNA techniques can be used to produce large amounts of
antigensfor vaccine preparation. For example, investigations
with aand b subunits of the C protein, Rib protein, typeV alike
and Rib proteins, and surface immunogenic protein (Sip) have
demonstrated that these proteins are capable of eliciting anti-
bodiesin mice and protect against lethal bacterial challenges. In
addition to their use as immunogens, surface proteins have been
used as carriersfor CPS antigens. As compared to GBS CPS
vaccines conjugated with TT, these conjugates have the advan-
tage of enhancing the immunogenicity of the polysaccharide
component of the vaccine and eliciting additional antibodies
protective against GBSinfections. Examplesof surface proteins
that have been conjugated to CPS antigens and are being pur-
sued as vaccine candidates include GBS Cha peptidaseand aC
protein. Studies with anti-C5a pepti dase antibodies demon-
strated opsonic activity, suggesting that inclusion of C5a pepti-
dase in a polysaccharide vaccine can produce another level of
protection that is serotype independent.

Additional formulations of GBS vaccinesisanother area of
active research. A study with a bivalent vaccine composed of
purified Rib and a proteins mixed with alum demonstrated that
this approach resulted in an antibody response in mice to the
two proteins and protected against |ethal infection with GBS
(serotypesla, Ib, Il, and I11). In another study, aGBS CPStype
I11 conjugated with recombinant choleratoxin B subunit adminis-
tered intranasally improved the mucosal aswell as systemic
immune responseto GBSin amouse model.

There has been alot of progressin the development of GBS
vaccines during the last 20 years. Better CPS-conjugate vaccines
have emerged and the use of GBS proteins, asimmunogens or
conjugated with CPS, holds great promise. Additional researchis
needed to expand serological findingsto define protective levels
of GBS antibodies and define immune defectsin adults that
result in invasive disease. NIAID has funded basic research and
clinical trialsin the past and will continue to support these ac-
tivities using grants, contracts, and a network of resources for
clinical trials.
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HaAEMOPHILUS I NFLUENZAE T YPE B

The incidence of invasive disease due to Haemophilus
influenzae type b (Hib) has significantly decreased since the
conjugate polysaccharide vaccines were introduced. Unfortu-

Decling in Invasive Haemophilus Influenzae type
b (Hib) Disease After the Availability of Conjugate
Hib Vaccine
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nately, the introduction of each new vaccine has added to the
overall number of shotsthat burden children during their first 2
years of life. Thus, pediatricians and vaccine manufacturers
have been pursuing the introduction of complex combinations of
vaccinesthat include, in one form or another, DTaP, Hib, hepati-
tisB virus (HBV), and inactivated poliovirus (IPV).

The combination of DTaP-Hibwaslicensed in Germany in 1996.
A postlicensing trial was designed to determine whether lower
antibody titersinduced by thisformulation wereclinically sig-
nificant. Earlier studies had shown that the Hib mean antibody
concentration (GMC) islower for the Hib combination than
when it is given alone. Even though the GM C achieved with the
combinationislower, itisstill significantly abovethetheoretical
level of protection of 0.15 ug/ml. The postlicensing trial included
evaluation of anumber of invasive Hib disease cases aswell as
surveys of microbiology laboratories determining the prevalence
of Hibisolated from children.

Following the adoption of the combination vaccinein Germany,
the number of cases of invasive Hib disease has continued to
decrease up to the present time. The efficacy of the combination
vaccine after three doses has been calculated to be 98.8 percent.
During the study period, there were 91 cases of invasive disease
dueto H. influenzae, of which 41 were serotype b. Compliance
with the vaccine schedule was only 74 percent, and most cases
of invasive Hib disease occurred in nonimmunized children. This
suggests that invasive Hib disease cases are not due to vaccine
failure, but most likely dueto thefailureto vaccinate. The data
also imply that combination vaccines such as DTaP-Hib are
clinically effective despite inducing an antibody response that is
lower than the response observed with Hib vaccine alone.
Therefore, while preserving immunogenicity, administration of
combination vaccines should increase vaccine uptake by mini-
mizing the number of injections given to children.
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Research in this field continues to define the genetics and func-
tion of the human antibody repertoire of the Hib capsular
polysaccharide (Hib PS). Using the Hib PS asamodel, efforts
have been made to delineate the rules governing the expression
of antipolysaccharide antibody specificitiesin humans and
elucidate the structural determinants of protective immunity to
this encapsulated bacteria. Studies have demonstrated the im-
portance of avidity in determining protective efficacy of antibod-
iesto Hib, and recently this observation has been extended to
the pneumococcal system. Several molecular mechanismsalso
have been identified that can account for variation in anti-PS
antibody avidity. These mechanismsinclude differential variable
(V) region gene utilization, subtle alterationsin V region se-
guence acquired during the process of antibody gene assembly,
and extent of somatic hypermutation. Molecular analysis of the
infant Hib PS repertoire has shown that infant antibodies con-
tain amino acid polymorphisms not previously observed in adult
antibodies. This structural variation among infant antibodies
providesamolecular explanation for thedifferential functional
efficacy of antibodies elicited in infants by Hib PS protein conju-
gate vaccines. Researchers have shown that closely related
germlineV gene homologs are not equivalent in their potential to
form high affinity anti-Hib PS antibodies; therefore, inherited
differencesintheV repertoire can affect, in principle, the ability
to generate protective polysaccharide immunity. Recent efforts
involve studying the devel opment of the Hib PS antibody reper-
toirefrom fetal lifeto old age. Theresultsindicate that certain V
region genes encoding Hib PS antibodies are assembled as early
as the beginning of the second trimester. This pattern of V gene
usagein the Hib PSrepertoire is maintained throughout adult life
and into advanced age. Additional studies have examined the
extent of somatic hypermutation in the Hib PS antibody reper-
toires. Themgjority of infant Hib PS antibodies utilizing the
recently recognized heavy and light chain genes associated with
the Hib serum antibody repertoire show no evidence of somatic
mutation, i.e., they arein the germline configuration. In contrast,
the canonical H and L chainsin elderly subjects appear to have
acquired asignificant mutational load. This finding suggests
that the generation of immunol ogical memory to Hib PSisac-
companied by hypermutation. The impact this mutation has on
antibody function is not yet known, but based on previous
serological studies, it has been predicted that this mutation does
not adversely affect antibody protective efficacy. This knowl-
edgewill help in understanding the cellular and molecular bases
of protectiveimmunity and may allow for the design of more
effective vaccines against encapsulated bacterial pathogens.
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NONTYPEABLE HAEMOPHILUS | NFLUENZAE

Nontypeable H. influenzae is a bacterium that frequently causes
recurrent infections of the respiratory tract in humans, and
whose environmental reservoir isthe nasopharynx. From this
point of origin, pathogenic varieties of this organism can make
their way to the lungs, middle ear, bloodstream, and tissues
surrounding the central nervous system causing such diseases
aspneumonia, otitismedia, and meningitis. If identifiedina
timely fashion, infection by this organism may betreated with
antibiotic therapy. In addition, vaccines are available as a safe-
guard against Hib, one of the most prevalent pathogenic sub-
types of H. influenzae.

Although the introduction of Hib conjugated polysaccharide
vaccines significantly decreased the prevalence of invasive Hib
disease, pediatric infections due to nontypeable H. influenzae
aretill highly prevalent. The organism isan important human
pathogen in several settings and is most often associated with
otitismedia, sinusitis, and bronchitis. Nontypeable H. influenzae
is consistently amajor cause of otitismediain infants and chil-
dren and isresponsible for approximately one-quarter to one-
third of all episodes. Thisamountsto approximately 5million
episodes of acute otitis media annually in the United States.
Otitis mediarepresents an enormous national health problem
from the standpoints of human suffering and cost. Thisis most
evident in the tremendous morbidity associated with hearing
loss and delays in speech and language development in chil-
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dren. Approximately 80 percent of childrenwill have had at least
one episode of otitis media by the age of 3. Otitis mediaisthe
most common reason for visits to pediatricians, and the annual
cost of medical carefor this disease nationally is estimated to be
$2 to $5 billion. Serologic studies and studies of the effect of
antibiotics indicate that nontypeable H. influenzae also is an
important cause of LRIsin patients (adults) with COPD. COPD is
the fourth leading cause of death in the United States and in the
world, with infections being the major contributing factor. Re-
cent studies have implicated H. influenzae as a common cause
of bacterial pneumoniain patientswith AIDS. Carefully per-
formed studiesin Papua New Guinea, Hong Kong, Pakistan, and
Gambia have demonstrated the importance of nontypeable H.
influenzae as a common cause of LRIsin children, accounting
for asignificant fraction of the more than 5 million deathsin this
population annually. Neonatal sepsis caused by nontypeable H.
influenzae has been recognized with increasing frequency dur-
ing the past decade. The infection is associated with a 50 per-
cent mortality overall and a 90 percent mortality among prema-
tureinfants. Littleis known about the pathogenesis of this infec-
tion. Based on this huge amount of morbidity and mortality
associated with nontypeable H. influenzae, children and adults
would benefit greatly from a vaccine to prevent infections dueto
thisorganism.

All strains of H. influenzae have in common the fact that they
require the iron-contai ning compound known as heme for
growth. H. influenzae cannot make its own heme, so it hasto
acquire heme from its human host to grow in the body and cause
an infection. The human body contains large amounts of heme,
but all of this hemeis bound to the hemoglobin proteinin red
blood cells or bound to other proteins. To grow and cause an
infection in the body, H. influenzae has evolved specific mecha
nismsthat allow this bacterial pathogen to steal heme from these
human proteins and use it for its own purposes.

Theinhibition of the ability of H. influenzae to steal hemefrom
its human host may kill H. influenzae or otherwise prevent it
from growing in the human body and causing disease. Testing
of the ability of heme proteins to induce the synthesis of anti-
bodies protective against nontypeable H. influenzae in an ani-
mal model isin progress.

A major problem among children isthe reoccurrence of middle
ear infections by what appears to be the same H. influenzae
organisms. It is, therefore, the most common cause of recurrent
otitismediaand isimplicated in a substantial proportion of otitis
mediawith effusion. NIAID-supported research has revealed the
mechanism of recurrent infectionsin this setting. Studies of the
OMPs have revealed that the surface characteristics of the bac-
terium allow for these recurrent infections. When a child gets an
episode of otitis media, the immune system makes antibodiesto
one specific region of one specific molecule (loop 5 of the OMP
P2). Thiswas proven by immunizing animalsand rigorously
studying their immune response. These studies revealed that the
bacterium induces the host to make an immune response to a

specific portion of the protein. This portion of the P2 porin pro-
tein shows extreme heterogeneity among strains. Therefore, the
immune response made by the child is effective at clearing the
bacterium from the middle ear, but isonly effectivefor that par-
ticular strain that caused the infection. Consequently, the child
remains susceptible to other strains of H. influenzae, which have
different protein sequences in the loop 5 region. This observa-
tion has important implicationsin the design of vaccinesto
prevent nontypeable H. influenzae infections. Additional work
has identified another molecule (P6) that does not show se-
guence differences among strains. This P6 OMP has many
unique characteristics, suggesting that it will be an effective
vaccine antigen. Early clinical trials have demonstrated the
safety and immunogenicity of P6.

Many investigators have concluded that the successful vaccine
for nontypeable H. influenzaewill most likely include more than
one antigen. Therefore, several other H. influenzae surface
proteins also have been identified as strong vaccine candidates.
A recombinant form of anovel H. influenzae OMP designated
Hin47 has been clinically developed by Aventis through atech-
nology license agreement with Antex Biologics, Inc. Thevac-
cine, which relies on an adhesin-receptor technology and is
combined with an adjuvant, has undergone phase | testing in
adultsto determineits safety and immunogenicity. The ultimate
intent is to develop an effective vaccine that will prevent otitis
mediaand its complicationsin the pediatric population.

Another highly conserved protein associated with Hib and
nontypeable H. influenzae strainsis a42-kDamembrane lipopro-
teinreferred to as protein D. GlaxoSmithK line has been studying
this nonacylated form of lipoprotein D asapotential carrier for
their Hib and pneumococcal conjugate vaccines, aswell asa
vaccine for nonencapsulated strains of H. influenzae. Preclinical
studiesin rats have demonstrated high titers of bactericidal
antibody against homologous and heterologous H. influenzae
strainsfollowing hyperimmunization. Clinical testing of protein
D asacarrier has shown the vaccine to be safe and immuno-
genic.

Lipooligosaccharide (LOS) has been shown to be amajor sur-
face antigen of nontypeable H. influenzae, capable of eliciting
bactericidal and opsonic antibodies in animals. When prepared
asadetoxified protein conjugate[i.e., LOSIlinkedto TT or other
high molecular weight (HMW) H. influenzae proteing], 1gG anti-
LOS antibody levels rose significantly in mice and rabbitsto the
homol ogous L OSfollowing two or threeinjections administered
subcutaneously or intramuscularly. These results were en-
hanced by the addition of monophosphoryl lipid A plus treha-
losedimycolate.

Two additional HMW proteins that have been identified are
referred to asHMW1 and HMW?2. Both proteins are encoded by
genesthat are 80 percent identical and found in 70 to 75 percent
of nontypeable H. influenzae strains. HMW1 and HMW2 also
are effective adhesions that facilitate the binding of bacteriato
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the host cell wall. HMW1 isthought to be more important for
binding than HMW?2. The ability of HMW1 and HMW?2 to pro-
tect against nontypeable H. influenzae infection was tested in
chinchillas. After administration of the vaccine, theanimals
middle ears were inocul ated with nontypeable H. influenzae. All
animalsin the placebo group devel oped otitis media. Although
only 50 percent of vaccinated chinchillaswerefully protected
against disease, bacterial countsin the middle ear werefiftyfold
lower inimmunized animals. In addition, by using intravenous
Ig, it has been demonstrated in vitro that human antibodies
have good activity against this protein. Although 25 percent of
nontypeable H. influenzae do not express either HMW1 or
HMW2, they express ancther critical adhesin called H.
influenzae adhesin (hia), whichislikely to beimmunogenic.
These findings suggest that frequently expressed nontypeable
H. influenzae adhesins represent potential candidate vaccines.
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| NFLUENZA

Among viruses, influenzais notableinits ability to produce
annual epidemicsin all age groupsworldwide. Recorded as
pneumoniaand influenza (P& 1) morbidity and mortality, an aver-
age of 20,000 P& I-related deaths occur each year inthe United
States, with higher rates occurring during years with more se-
vere outbreaks.
Despite prior vacci-
nation or infection,
the population’s
susceptibility to
infectionisrenewed
annually due to the
accumul ation of
point mutationsin
thetwo major sur-
face glycoproteins
of thevirus. Over
time, the accumula
tion of these subtle
mutations resultsin
the antigenic drift of the virus, often leaving current influenza
vaccines outdated and unable to provide protection against the
drifted virus. While antigenic drift isthe basis for the annual
review and frequent update of the content of influenza vaccines,
asecond form of antigenic variation occursin influenzawith
little or no predictability. Due to the segmented nature of the
influenza virus genome, these viruses also can acquire agene
for an entirely new glycoprotein from an avian or other animal
influenzavirus. This sudden emergence of an influenzavirus
with a completely new glycoprotein subtype in the human popu-
lation is referred to as an antigenic shift, and if the virus also can
spread efficiently from person to person, aworldwide epidemic
known as apandemic can result. Since 1889, at least five
pandemics have occurred, with the most catastrophic being the
Spanish influenzaof 1918, which resulted in morethan 20 million
deathsworldwide.

Influenza vinons

Influenzaviruseswerefirstisolated inthe early 1930s. The earli-
est vaccines against influenza were whole virus vaccines that
were produced by growing the virusin embryonated chicken
eggsand inactivating it with formalin. Starting in the 1940s, the
U.S. military conducted clinical trialsin healthy adultsand dem-
onstrated that the vaccine was 70 to 90 percent effectivein
preventing influenza provided there was a good match between
the viruses in the vaccine and those causing the epidemic. In
1945, licenses were issued to several companiesin the United
State for the production of influenza vaccines. While contempo-
rary inactivated influenzavaccines are still produced in embryo-
nated eggs, a series of improvements in manufacturing over the
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years has resulted in amore highly purified split product or
subunit vaccine that is less reactogenic. Today, inactivated
influenza vaccines continue to be the primary means of prevent-
ing annual influenzadisease and influenza-related complications
inal age groups. Recommendations for the use of influenza
vaccinesin the United Statesinclude individuals 50 years of age
or older and individuals 6 months of age and older with chronic
underlying disease that places them at increased risk for compli-
cations from influenza disease. Over thelast 10 years, annual
influenza vaccination rates in persons 65 years of age or older
have steadily risen; however, the effectiveness of the current
vaccinein preventing influenzaillnessin some elderly popula-
tions can be aslow as 30 to 40 percent. The goal of the Influenza
Program at NIAID isto stimulate and support basic and applied
research that |eads to more effective approaches to controlling
influenzavirusinfections, with an emphasis on exploring new
ways of improving the effectiveness of influenzavaccinesin
naive populations and those at high risk, especially the elderly.

Over thelast 25 years, NIAID and/or the private sector sup-
ported a series of clinical studiesto assist in the devel opment of
alive-attenuated influenzavaccine. Live-attenuated influenza
vaccines may be an attractive alternative to the inactivated
vaccine because they are thought to stimulate local, humoral,
and cellular immunity, and are administered intranasally. One
approach has built on the cold-adapted influenza virus that was
initially described by Dr. Hunein Maassab in 1967 at the Univer-
sity of Michigan. The unique characteristic of these cold-
adapted influenzavirusesistheir ability to grow at 25°C and
inability to grow at temperatures greater than 38°C (temperature
sensitivity). This characteristic allows the virus to undergo
limited replication in the cool er nasopharynx, but not the warmer
lower respiratory tract. Thefirst clinical studieswith acold-
adapted, live-attenuated virus vaccine were donein 1976.
NIAID-supported studies over the next 19 years evaluated
monovalent, bivalent, and trivalent preparations of the cold-
adapted virus vaccine in more than 8,000 adults and children.
The results of these studies demonstrated that the live-attenu-
ated influenza vaccine was safe, well tolerated, and likely to be at
least as effective as the inactivated vaccine.

In 1995, NIAID signed a Cooperative Research and Develop-
ment Agreement (CRADA) with Aviron for the continued devel-
opment of atrivalent formulation of the live-attenuated influenza
vaccine delivered with anasal spray-syringe delivery system
(FluMist D)_Qver the past 7 years, NIAID and Aviron have
collaborated on more than nine clinical studiesto test the safety,
immunogenicity, and efficacy of FluMist [Cin¥arious popula
tions. In 1997, theresults of aphase 11 placebo-controlled effi-
cacy study conducted by the Division of Microbiology and
Infectious Diseases’ (DMID’s) Vaccine and Treatment Evalua
tion Units(VTEUS) in morethan 1,600 childrenindicated that
FluMist [Cinfluenzavaccine was approximately 93 percent effi-
caciousin preventing culture-confirmed cases of influenza.
During the second year of thetrial, the 1997 to 1998 formulation
of FluMist [was 100 percent efficacious against culture-con-

firmed influenzafor strainsincluded in the vaccine, and 86 per-
cent efficacious against amismatched influenzastrain. Follow-
on studies were done in 1998 to eval uate the efficacy against
influenzaA/H1IN1, and in 1999 to assess the saf ety of revaccina
tion of prior FluMist [redipients. The results of this series of
studies have shown that live-attenuated FluMist [vatcine is
safe, immunogenic, and efficaciousin preventing culture-con-
firmed influenzavirusillness. Inaddition, NIAID’sVTEUshave
evaluated the safety and immunogenicity of FluMist [Cinhigh-
risk groups, including human immunodeficiency virus (HIV)-
infected adult and pediatric populations. In 1998, the safety and
immunogenicity of asingle dose of FluMist evaluated in
57 asymptomatic or mildly symptomatic HIV-infected adults.
HIV- and non-HIV-infected recipients of FluMist ahigher
incidence of rhinorrhea on Days 2 and 3 postvaccination com-
pared with placebo recipients; however, the rates of other local
and systemic reactionswere similar in HIV-infected and non-
HIV-infected FluMist Credipientsaswell asin FluMist [redipi-
ents and placebo recipients. A similar study wasinitiated in 1999
to evaluate the safety of FluMist CinHIV-infected children 1 to
7 yearsof agewith aysmptomatic or mild HIV disease compared
to non-HIV-infected children of similar age. Twenty-four HIV-
infected and 25 non-HIV-infected children participated inthe
study. The results of this study indicated that FluMist [Cwas
generally safe and well tolerated by children with asymptomatic
or mildly symptomatic HIV infection. HIV RNA measurements,
CD4 counts, and CD4 percentagein the peripheral blood re-
mained stable throughout the 5-month study period in HIV-
infected participants, and no evidence of increased shedding of
the live-attenuated influenza vaccine viruses was detected in
HIV-infected childrenin this study compared to the non-HIV-
infected children. Aviron submitted aBiologicsLicenseApplica
tion for FluMist [(fathe Food and Drug Administration (FDA)
in 2000. The FDA review of the application isongoing.

Although influenza vaccines have been reliably produced in
embryonated chicken eggs for more than 50 years, new produc-
tion technol ogies that reduce dependence on eggs are being
increasingly sought. Forging partnerships with industry to
develop non-egg-based technologies is an important part of
NIAID’scommitment toinfluenzavaccine development. 1n 2000,
NIAID launched a new initiative to encourage private-sector
involvement throughits Challenge Grant Program. Thismile-
stone-driven mechanism is aimed at providing matching fundsto
companies also willing to commit their owndollarsand re-
sources. Three awards were made to private-sector companies
for the devel opment of egg-free influenza vaccine technol ogies
and for the production of vaccines against influenza viruses
with high pandemic potential. Awards were made to Aventis
Pasteur for the development and testing of a DNA-based tech-
nology that will allow therapid production of influenzavaccine
candidates; to Aviron for the development of alive-attenuated
influenzavaccine aimed at protection from possible pandemic
strains; and to Novavax, Inc., for the production of avaccine
made with recombinant influenzaproteins. Increasingly, other
private-sector companies also are reporting progress on the
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development of novel mammalian cell linesasan alternativeto
egg-grown influenzavaccines.

The NIAID Influenza Program continues to support independent
investigators and partnering with the private sector to develop
and evaluate strategies aimed at improving the effectiveness of
influenzavaccines. Additional NIAID collaborations on the
development of new vaccine strategies have included the sup-
port of preclinical and clinical studies on the use of avariety of
novel adjuvants, alternative delivery systems, and recombinant
protein vaccines, as well asthe evaluation of different doses of
the inactivated vaccine.
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MEASLES

Meadesis still endemic in many countries and resultsin ap-
proximately 1 million deaths per year. However, the reported
incidence of measlesin the United States has been less than 1
case per millionfor the past few years (1997, 138 cases; 1998, 100
cases; 1999, 100 cases; 2000, 86 cases). Between 1981 and 1988,
about 3,000 cases of measles occurred in the United States con-
sistently each year. Thisrate was a reduction of more than 99
percent from the 400,000 to 700,000 annual casesreported before
theintroduction of avaccinein 1963. However, inthe early
1990s, aresurgence of measles occurred in the United States.
From 1989 to 1991, therewere 55,165 caseswith 123 deathsre-
ported. The major cause of the reemergence of measlesin the
United States was the failure to vaccinate children at the appro-
priate age rather than failure of vaccine efficacy. The United
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States undertook amajor effort to increase vaccine coverage,
andin 2000, atotal of 86 confirmed measl es caseswere reported,
representing arecord low number of measles cases. Of the 86
cases, 30 percent were imported, and 18 of the indigenous cases
were linked to imported cases. In the past few years, there have
been periods when there were no reports of indigenous cases,
and transmission of the virus appears to have been interrupted.

Worldwide, measlesreporting isincomplete, but the annual
disease burden recently was estimated at 36.5 million measles
casesand 1 million deaths. M easles remains amajor health prob-
lem, accounting for 10 percent of global mortality from all causes
among children younger than 5 years of age. There is substan-
tial underreporting of measles cases, but the number of cases
officially reported to WHO dropped from 1,330,589in 1990 to
817,161 in2000. The mgjority of these cases (520,120) wereinthe
African region. Of the remaining cases, the European region
accounted for 21,104; the Western Pacific region for 176,494; the
Southeast Asiaregion for 61,975; the Eastern Mediterranean
region for 34,971; and theAmerican region for 2,515.

M eadl es vaccine coverage worldwide has gone from 12 percent
in 1980 to 80 percent in 2000. The success of the polio eradica
tion campaign and the success in reducing measlesin the Ameri-
cas have led to aglobal call for increased efforts to control

measl es worldwide. To accomplish this, measles control has
incorporated | essons |earned from the polio eradication cam-
paign. For measles, this approach has been termed the “keep-up,
catch-up, follow-up” program, and it has been extremely suc-
cessful in many countries, particularly in South America. How-
ever, some countries have used other control strategies, and the
U.S. experience with atwo-dose immuni zati on schedule demon-
strates that maintenance of high levels of routine immunization
also can lead to successful interruption of virus transmission.

Unfortunately, two recent experienceswith measleshaveillus-
trated that many challengesremain for measles elimination pro-
grams. In 1997, despite awell-coordinated measl es control pro-
gram, measlesreemerged in Brazil. By the middle of theyear, the
state of Sao Paulo reported more than 400 cases, after having
virtually eliminated measlesfor the previous6 years. In 1997 in
Canada, despite a successful change from a one-dose to two-
dose schedule and extensive catch-up campaigns, measles re-
emerged. An epidemic started after importation of measlesinto a
university setting and spread within British Columbiaand later
to Alberta. These epidemics are being studied to understand
their cause and to fine tune measles control strategies.

Asapublic health toal, the current vaccine has some deficien-
cies. It hasaprimary vaccine failure rate of about 5 percent;
thus, susceptible individuals accumulate in the population. This
failurerateishigher if the current vaccineis given to children
younger than 12 months of age, when maternal antibody inter-
fereswith vaccine efficacy. In developing countries, where
measl es continuesto claim morethan 1 million lives each year,
infants are at greatest risk for serious disease and complications

during the interval between loss of maternal antibody and re-
ceipt of vaccine, at 9 to 12 months of age. Because currently
licensed vaccines have lower than desired efficacy in very
young infants, research has been directed toward developing an
effective vaccinethat can be safely administered earlier inin-
fancy. In addition, thereis apotential need for an improved
measles vaccine for future immunization schedul esthat will
evolve to emphasize administration of vaccinesat earlier agesin
infancy and will make use of multiple combinations of vaccines.

To develop improved measles vaccines, research had concen-
trated on the selection of more potent measles vaccine strains or
the development of high-titer vaccine formulations that might
effectively immunize ahigher percentage of vaccineesand might
be given to infants at 6 months of age or younger. However,
studies in some parts of the world had shown that high-titer
vaccines might be associated with an increase in childhood
mortality during aperiod of up to 2 yearsfollowing immunization
at 6 months of age. Although the reasons for this are not known,
it was suggested that the immunosuppression that results from
natural measles might occur with high-titer vaccinesaswell.
Consequently, in 1992, WHO recommended that high-titer
measles vaccines not be used.

Unfortunately, measlesis a difficult virus to study because there
are no satisfactory animal models. Within the past few years,
basic and applied measles vaccine studies have been acceler-
ated by complementary WHO and National Institutes of Health
(NIH) funding for the devel opment of areliable measles monkey
model. Considerable progress also has been made in applying
basic molecular virology approachesto define the genetic, mo-
lecular, and antigenic characteristics of measles. After elucida
tion of the molecular structure of thisvirus, the major focus of
research has been to express antigens (particularly antigenic
sitesonH, F, M, and N proteins) in aform suitable for useasa
vaccine. A request for applicationsissued by NIAID in late 1992
stimulated measles research and resulted in the development of
anumber of new potential measles vaccine candidates, including
immunostimulatory complexes (ISCOMSs), nucleic acid vaccines,
pox-vectored vaccines, viral subunit immunogens, and Bacillus
de Calmette-Guerin (BCG)-vectored vaccines. In addition, this
research program helped advance the development of the new
primate model systems. These systems have been used to di-
rectly compare theimmunogenicity of new potential vaccine
candidates in nonimmune monkeys and in monkeys passively
given measl es antibody to mimic maternal antibody. Although
datain primates areincomplete, it currently appears that
|SCOMSs, poxvirus vectored vaccines, and the nucleic acid vac-
cine have the greatest potential for inducing a protectiveim-
mune response in the presence of maternal antibodies.

Primates al so have been given standard vaccine, high-titer vac-
cine, and older killed vaccine (frozen old stocks and recreated
1960s-era products) in an attempt to use modern immunol ogical
tools to determine what caused the vaccine-related sequelae
withinactivated vaccinein the 1960s and with live high-titer
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vaccinein the 1990s. It now appearsthat ol der killed vaccines
induced an unbalanced immunological response that did not
protect against wild-type measles.
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Mumps

Mumps vaccinewas licensed in the United Statesin 1967. Since
that time, the number of cases has dropped more than 99 percent
to 3381in 2000. Thisdrastic drop in cases occurred because of an
increasingly inclusive vaccination policy at the State and Fed-
eral levels. Therecent introduction of asecond measlesimmuni-
zation using measles-mumps-rubella(MMR) vaccine has accel -
erated the reduction of mumps cases.

In contrast to the elimination of polio and measles, elimination of
mumps has not been an important global health goal. However, a
recent study indicates that elimination of mumps might not only
eliminate the acute mumpsillness, but might also eradicate en-
docardial fibroelastosis. The study screened for the presence of
genome material of various virusesin autopsy tissue from 29
pediatric patients with endocardial fibroelastosis. This study
included tissue samplesfrom 1955 to 1992, and more than 70
percent of the heart tissue contained genetic material from the
mumpsvirus. Only 1 of 65 matched controls contained any viral
material, and that wasfrom an enterovirus. Endocardial
fibroelastosiswas once relatively common, occurring in 1 of
5,000 births, but the cases have declined sharply. Interestingly,
almost all thetissue samples before 1980 contained mumpsviral
meaterial, whereas none after 1980 did.
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RuUBELLA

Worldwide, rubellaremains acommon benign febrile disease of
childhood. The most serious effects of rubella—spontaneous
abortions, miscarriages, stillbirths, and congenital rubellasyn-
drome (CRS)—follow infection during early pregnancy. The
currently licensed vaccine is highly effective, and its combined
use with measles and mumps vaccinesin childhood immuniza-
tion programs has drastically reduced the number of cases of
rubellain the United States. From 1969 to 1989, the number of
cases of rubellareported annually dropped 99.6 percent. Al-
though there was a slight reemergence of rubella cases between
1989 and 1992, from 1992 to 2000, an average of only 100to 200
rubella cases occurred annually. Most recently, rubella has oc-
curred in adults born in countrieswithout rubellaimmunization
programs. It is estimated that the average cost of a single case of
CRSismorethan $500,000. Sixty-seven casesof CRSwerere-
ported in the United Statesin 1970, the year the vaccine was
licensed, and except for the reemergence of CRSinthe early
1990s (33 casesin 1991), CRS cases have steadily declined, with
only 9 cases reported in 2000.

It can be generally concluded that in the developing world,
natural rubellainfection occursearly inlifeand almost univer-
sally. In such a situation, unless the epidemiology of rubella
changes, there is no pressing need to immunize against rubella.
However, recently it came to the attention of WHO officialsthat
many countries, on their own, have purchased MMR for their
measles campaigns, and thus have already started to alter the
natural circulation of rubella. Once thisinterference has occurred
and “natural immunization” with rubellaisnot universal, rubella
immuni zation programs must be continued aggressively. Conse-
quently, rubella control and eradication have again been cata-
pulted into the public health spotlight.

The epidemiology of rubellain the United States has changed
from the 1980sin that since 1994, 84 percent of the cases occur
in patients older than 15. Apparently, most cases occur among
unvaccinated adults born in countries without immunization
programs. Ninety-three percent of cases were indigenous to the
United States; many imported cases came from countries that do
not routinely provide rubellaimmunization (e.g., Mexico). From
1991 to 2000, the percentage of cases among Hispanicsin-
creased from 19 percent to 78 percent. Therefore, immunization
programs now focus more efforts on adolescents and adults and
on selected ethnic groups that have lower rates of immunization
and have close contact with people coming from countries with-
out comprehensive rubellaimmunization programs. Attemptsto
eliminate rubellafrom the United Stateswould clearly benefit
fromimproved global immunization programs.

Although the total number of cases of rubellaislow and the
number of casesof CRSislimited, the recent reemergence of
natural rubellaled to acampaign to increase vaccination cover-
agein al age groupsin the United States. Consequently, many
adult women wereimmunized against rubella, and a

longstanding concern was again raised about possible vaccine-
associated arthritic complicationsin these women. Early reports
of naturally occurring rubella epidemics noted an increased
incidence of arthropathy, predominantly in adult women. Like
natural rubella, there are reports that the rubella vaccine causes
transient joint symptomsin asignificant proportion of women
vaccinees. Joint complaints have been reported in up to 25 per-
cent of previously seronegative vaccinees; these symptoms may
last from 1 day to 3 weeksafter immunization. Investigatorsin
Canada had reported preliminary dataindicating that asmall
percentage of adult femal e vaccinees develop a more severe and
persistent arthropathy. One suggestion was that these complica-
tions might increase with the age of the vaccinee or the presence
of low or incompl ete rubellaimmunity. The causal relationship of
rubella vaccination to the acute type of arthritis was highlighted
in arecent Institute of Medicine report on vaccine safety, but its
relationship to chronic arthritis remains unclear. Two large stud-
ies of immunized populations suggested that long-term arthritic
complications are not commonly associated with rubellaimmuni-
zation. More basic research studies have shown that for rubella
virusto replicate, it must bind to host cellular proteins. These
cellular proteins are under investigation as to their potential role
as autoantigens and their potential contribution to arthropathy.

Basic research on rubellais now proceeding at areduced level of
funding, and NIAID currently supports only one project dealing
with rubella. Thisresearch isfocused on identifying and charac-
terizing virus gene products required for generating long-lasting
immunity, as well as those associated with the expression of
adverse effects.
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M ENINGOcoccAL Disease

I ntroduction

Neisseria meningitidis (NM) is the leading cause of bacterial
meningitis and continuesto be amajor public health problem,
not only in the United States, but also worldwide. The organism
also causes pneumonia (frequently caused by serogroup Y),
conjunctivitis, sinusitis, and myocarditis. Although the disease
has a more severe impact on children and young adults, al age
groups are susceptible to infection. In the United States, there
are an estimated 3,000 cases per year involving meningococcal
serogroups B, C, and recently Y. However, in other parts of the
world, the number of casesis much higher. For example, in sub-
Saharan Africaduring the 1996 epidemics caused by serogroup
A, morethan 200,000 caseswere reported, with 20,000 deaths;
the role of malnutrition as a contributory factor has never been
addressed adequately. The case fatality for meningococcal dis-
easein the United States remains high, approximately 12 percent,
but is higher for individuals lessthan 1 year old or greater than
65 yearsold, and for individual sin sub-Saharan Africa. Signifi-
cant proportions of the children who survive infections caused
by NM have permanent side effects, such as deafness. A signifi-
cant change in the burden of disease within the past 20 yearsis
the increased incidence among individuals 15 to 24 years of age,
particularly among college freshmen living in dormitories. As

such, the Advisory Committee on |mmunization Practices has
recommended that healthcare providers and college staff advise
students about the availability and benefits of the licensed
vaccine. The emergence of new strains of meningococci and
penicillin-resistant meningococci in the United States has further
complicated the picture and caused serious public health con-
cerns.

A major gap in understanding the pathogenesis of meningococ-
cal disease isthe relationship between carriage of meningococci
and invasive meningococcal disease. Most meningococci pos-
sess a polysaccharide capsule, which forms the basis of classifi-
cation into serogroups. The presence of the capsule helps the
organisms resist phagocytosis. Studies show that the capsule
not only alters the adherence of the organismsto leukocytes,
but also aters the interaction with lysosomes within the cells.
An additional, recently discovered virulence mechanismisthe
ability of meningococci to escape protective immunity by
switching capsules via genetic transformation. The organisms
also carry pili that facilitate adherence to host cells and possess
alarge number of OMPs, including Opc and Opa, which appear
to mediate invasion of epithelial cells. Further, some of these
proteins (e.g., the pili and Opas) show considerable antigenic
variation. This phenomenon of antigen variation poses a chal-
lenge for the immune system and for vaccine devel opment. The
organisms are al so capable of secreting proteins (e.g., FrpA and
FrpC) with potential toxicity and IgA protease, which can cleave
human IgA; however, the role of these moleculesin pathogen-
esisisstill not clear. Another important virulence factor is endot-
oxin. Unlikethe endotoxin of enterobacteria, thismolecule con-
tains short sugar chains and henceistermed LOS. Studiesindi-
catethat LOSisimportant for colonization in the nasopharynx.
Additionally, the release of meningococcal L OS contributesto
the hypotension and shock associated with fulminant meningo-
coccemia. Also, LOS and other meningococcal components can
induce avariety of cytokines and other mediators of the immune
response that have a significant impact on the course of the
infection.

Resear ch Accomplishments

In the past two decades, several studies have been conducted
to examine the immunopathogenesis of host and pathogen inter-
actions and how such information could be used in the develop-
ment of vaccines. For example, although meningococci are car-
ried asymptomatically in the nasopharynx of 5 to 10 percent of
normal individuals during nonendemic periods, it isstill not clear
why some individual s become susceptibl e to invasive meningo-
coccal disease. It isknown that individuals with complement
deficiencies, who are mal nourished or immunosuppressed, or
who are asplenic patients, are particularly at highrisk. There-
sults of a study designed to address the issue of genetic predis-
position to meningococcal disease suggest that there is a ge-
netic inheritance pattern among families with respect to the
amount of cytokines produced. These results also suggest that
the type of cytokines produced may be associated with the risk
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of fatal disease. Other studies have demonstrated the presence
of decreased plasmalevels of coagulation factors and increased
expression of cellular adhesion moleculesin meningococcal
patients, and that IL-12, TNF, and interferon gammamay contrib-
ute to natural immunity. The results of another study aimed at
understanding the mechanisms of genetic susceptibility suggest
that genetic variants of the mannose-binding lectin (MBL), a
plasma protein involved in complement activation, may also be
associated with susceptibility to the disease. Further, a recent
study in children with severe meningococcal diseasesindicating
that protein C activation isimpaired may explain thelack of
regulation of intravascular thrombosis. An important recent
advance was the sequencing of the genome of NM serogroups
A, B, and C. It is expected that this should provide insights into
the virulence capacity of the organism, a better understanding of
phase variation, and an understanding of the mechanism that
controls the expression of virulence determinants.

Progress in Vaccine Development

The currently licensed vaccines based on purified capsular
polysaccharidesfrom four major serogroups (A, C, W135, and Y)
are moderately immunogenic, but theimmune response, in gen-
era, is of short duration and cannot be boosted upon

reimmuni zation. Also, polysaccharide vaccines do not elicit an
immune response in children less than 2 years of age. Interest-
ingly, group A capsular polysaccharide vaccineis moderately
immunogenic in this age group; the underlying mechanism of
this unique response is not clear. A current attractive strategy in
vaccine development is to use polysaccharide-protein conjugate
vaccines to enhance the immunogenicity of the polysaccharide
moi ety and to induce memory. In one study in the United King-
dom, it was observed that meningococcal group C conjugate
vaccineisimmunogenic in infants and also induces a memory
response. This vaccine has now been recommended for routine
immunization schedule, and itsintroduction in the United King-
domin 1999 had atremendous impact on theincidence of the
disease. Conjugate vaccine trials are underway in the United
States, and it is expected that such avaccine will become avail-
ablein4years.

There are no licensed vaccines for group B meningococcal infec-
tions in the United States, and the devel opment of vaccines
against group B strains remains problematic. Unlike the other
meningococcal capsular polysaccharides, the group B polysac-
charideis poorly immunogenic in infants and adults. Further,
there are important concerns that a polysaccharide vaccine
might induce immunopathol ogy, such as the formation of cross-
reactive autoantibodies to specific oligosaccharides also found
on mammalian cells. For example, antigroup B polysaccharide
antibodies cross-react with the neural cellular adhesion mol-
ecule, amembrane glycoproteininvolvedin cell-cell adhesion.
Such concerns have prompted the pursuit of aternative strate-
giesfor group B vaccine devel opment using mainly meningo-
coccal OMPs, targeting lactoferrin and transferrin-binding pro-
teins, and modifying sugar moieties on the capsular polysaccha-
ride. Studiesindicate that OMPs can induce protection. For

instance, it has been shown in an infant rat model that antibod-
iesto PorA proteins are protective against meningococcal infec-
tions. Protein-based vaccines have been used in clinical trialsin
Cuba, Brazil, Chile, and Norway, with efficacies ranging from 50
to 80 percent. Unfortunately, these vaccines induced no protec-
tion in children, and the immune response was of short duration.
Effortsto identify acommon protective protein antigen for
serogroup B has thus far been unsuccessful; however, research
continues using newer approaches to identify and develop
potential candidates. For example, in arecent study using com-
puter analysis to identify regions of the NM genome that en-
codes novel surface exposed proteins, 600 novel proteins were
predicted. The results of further studies showed that at least 25
of these proteinsinduce bactericidal antibodiesin mice. More
importantly, some of these proteins are highly conserved in
several meningococcal strains tested, and can induce protection
against lethal challengein mice. Other current vaccine ap-
proachesinclude: 1) Multivalent OMP vesicle vaccinein which
vaccine strains are constructed by recombinant DNA techniques
to expressthree different PorA proteins, whichis currently un-
dergoing clinical trials; 2) A/B (chemically modified group B
polysaccharide)/C combination vaccine; and 3) anti-idiotype
group B vaccine.

Challenges

The development of anew and improved vaccine, in the context
of an optimal adjuvant/delivery system that is safe and immuno-
genicin children, would have atremendousimpact in decreasing
the incidence of the disease. Development of a vaccine against
group B meningococci remainsamajor challenge. In addition,
because of the low incidence of the disease, clinical trials of
vaccine efficacy are often difficult to conduct. Another impor-
tant task isto understand why certain individuals within agiven
population succumb to the fatal disease and others do not.
Studies using a number of adjuvants, including
monophosphory! lipid A and Quil A, and neisseria porinsto
enhance the immune response to meningococcal vaccines repre-
sent a significant advance; however, more studies are needed to
analyze the effects on Ig subclasses. Also, basic research stud-
ies should be encouraged to analyze the biological, structural,
and molecular aspects of potential virulence factors and to iden-
tify novel bacterial components that may serve as potential
vaccine targets.
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MoRrAXELLA CATARRHALIS

M. catarrhalis, once thought to be a harmless commensal or-
ganism, has become recognized over the last decade as anim-
portant human pathogen. Today, M. catarrhalis is the third most
common cause of bacterial otitismediain children, after S
pneumoniae and nontypeable H. influenzae. Otitis mediaisa
major cause of morbidity in the pediatric populationin devel-
oped countries and is the most frequent diagnosis made by
healthcare providers regarding this age group in the acute
healthcare setting. It is estimated that 3.5 million episodes of
otitismedia per year are caused by M. catarrhalis. An effective
otitismediavaccine most likely will need to provideimmunity to
all three organisms. M. catarrhalisis also afrequent cause of

sinusitisin this age group. In adults, this organismis an impor-
tant cause of LRIs, particularly in the setting of COPD, where it
has become the third most common bacterial agent responsible
for acute exacerbation of COPD. The organism also playsa
significant rolein other LRIsin adults, including pneumoniaand
laryngotracheobronchitis, and is infrequently the cause of septi-
cemia, meningitis, and endocarditisinimmunocompromised
adults.

Work has progressed rapidly during the past several years to
identify two major OMPs(OMP CD and OMP E) associated with
M. catarrhalis. Both proteins are considered potential vaccine
candidates to prevent infections caused by this bacterium. So
far, the genes have been cloned and the characteristics of these
proteins have been studied. These proteins are abundantly
expressed on the bacterial surface and show a high degree of
similarity from strain to strain. These two characteristicsare
important as potential vaccine antigens. A protein antigen is
likely to beimmunogenic in infants, and thisis an important
consideration in preventing otitis media. Work isin progress to
define the precise structure and epitopes of these proteins and
to test rigorously whether antibodies to these proteins will pro-
tect against infection caused by M. catarrhalis.

It was recently shown that the UspA1 protein of the M.
catarrhalis bacterium is an adhesin that allows this organism to
attach to human epithelial cells. Thisfinding makesit likely that
UspAlisinvolvedin the ability of M. catarrhalisto colonize
the human upper respiratory tract (i.e., the nasopharynx), which
isthefirst crucial step in the production of disease by this
pathogen. If thisis the case, then antibodies to UspA1l, raised in
response to vaccination with purified UspA1 protein, could
prevent this organism from establishing a foothold in the body,
thereby eliminating disease.

An important finding about the UspA1 protein isthat it forms
structures that actually stick out from the surface of the M.
catarrhalis bacterium. These pili represent the first parts of the
bacterium to encounter human cells when it enters the nasophar-
ynx. Thisfinding also means that antibody directed against the
UspAL1 protein can bind readily to this protein and exert apro-
tective effect. A second important finding is that the portion of
the UspA 1l protein that isinvolved in the ability of this bacte-
rium to bind to human cellsislocated in the front half of the
protein. The UspA1l protein isavery big molecule, and this new
piece of information will allow scientiststo focus vaccine devel-
opment efforts on the relevant portion of this protein.

Two other highly conserved OMPs aso have been investigated
as potential vaccine candidates. Both of these antigens, referred
toasB1 and LBP, areiron-regulated proteins found on the sur-
face of this gram-negative pathogen in response to iron-limiting
conditions in its environment. Several studies have been con-
ducted demonstrating the importance of these surface proteins
and their exposed epitopes in the pathogenesis of disease and
for survival in the host.
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Finally, efforts are underway to develop a serotyping system
based on the iron-repressible OMP B2, which has a high degree
of antigenic and sequence heterogeneity. Restriction fragment
length polymorphism analysisindicates that the pattern of vari-
able and constant areas in the B2 geneisagenera pattern
among all strains of M. catarrhalis. Developing such a
serotyping system for strains of M. catarrhalis will be important
to understand the epidemiology of infection to guide future
vaccine studies with this organism.
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M ycorLASMA PNEUMONIAE

Background

In the United States, about 15 million respiratory infections,
including atypical pneumoniae and tracheobronchitis, are
caused by Mycoplasma pneumoniae each year. M. pneumoniae
isthe leading cause of pneumoniain older children and young
adults, but it also affects adults and elderly individuals. This
microorganismisresponsible for 25 percent of all cases of pneu-
moniarequiring hospitalization, and 50 percent of all
pneumonias in closed populations, and is the second leading
cause of tracheobronchitisin children. M. pneumoniaeis also
responsible for extrapulmonary complications such as arthritis
and has been associated with chronic asthma. Related organ-
isms, such as Mycoplasma hominis and Ureoplasma
urealyticum, cause pulmonary diseases in neonates.

Mycoplasmas are wall-1ess prokaryotes that are biosynthetically
deficient in several respects. Therefore, they must rely on the
microenvironment provided by the host to obtain essential
metabolites (nucleotides, fatty acids, sterols, and amino acids)

needed for growth. Mycoplasmas possess a circular double-
stranded DNA chromosome ranging from 600 to 1,300 kilobases,
with complex genetic recombination systems and large genome
families. The organism has atremendous capacity to generate
antigenic and phase variations that may be important in disease
pathogenesis and tissue tropism, but this characteristic poses a
specia challenge for vaccine devel opment.

Although mycoplasmas are responsible for avariety of impor-
tant diseases in humans and various animal species, experimen-
tal vaccines have not affected the spread of infection, possibly
the result of the organism’s ability to develop antigenic changes
at high frequency. Thisdifficulty in controlling the infection may
be due also to alack of understanding about the host response
to infections caused by mycoplasmas. Because previous studies
indicate that patientswith impaired humoral immunity suffer
chronic sinopulmonary disease due to mycoplasma, it is gener-
ally held that antibody playsaroleinimmunity. However, the
role of cell-mediated immunity has not been investigated ad-
equately.

Resear ch Accomplishments

Most studies within the last 2 decades have been focused on
understanding the molecular biology of the organisms and on
elucidating the molecular mechanisms of pathogenesis and the
host responses in an effort to improve the methods of diagnosis
and to develop better prevention and treatment strategies. An
important resource in current understanding of mycoplasmal-
host-cell interactions has been the development of in vitro and
organ culture systems using fluoresence, confocal, conven-
tional, and scanning electron microscopy, aswell as new strides
made in imaging technologies. Studies using these tools have
provided considerable information in virulence strategies. In
recent years, intense effort has been made to understand the
mechanisms of mycoplasmal attachment to host epithelial cells,
an event that has been described as cytadherence. The process
of cytadherenceis pivotal to the survival of M. pneumoniae,
and its ability to persist in the host. The mycoplasmal attach-
ment organelle has been identified. Molecul ar characterization
studies continue on the P1 adhesin protein, which is densely
clustered at the attachment organelle, and on a series of
cytadherence-associated proteins (HMW1-3). The complete
genome of M. pneumoniae has been sequenced, and it is antici-
pated that this will advance significantly understanding and
knowledge about the physiological and genetic characteristics
and may provide new leads for vaccine devel opment.

Progress in Vaccine Development

Considerable efforts also have been made in the development of
vaccines against infections caused by M. pneumoniae. Earlier
challenge studiesin the late 1960s conducted in human volun-
teers demonstrated that an inactivated M. pneumoniae vaccine
was moderately protective, but these studies have not been
developed further. Studies done in chimpanzees indicated that
animalsimmunized with aformalin-inactivated vaccine or an
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acellular extract devel oped milder disease and lower colonization
rates with mycoplasmacompared with unimmunized controls.
Because only partial protection was observed in such experi-
ments, more studies are needed to increase the level of protec-
tion expressed. Some of the early vaccine studies were problem-
atic because of the devel opment of immunopathological reac-
tionsfollowing challenge with live organisms. It is believed that
thisautoimmune response was mediated by cellular immunity.
However, studies are till needed to clarify the roles of humoral
and cell-mediated immunity in generating optimal immunity. An
experimental vaccine derived from Mycoplasma pulmonis (the
agent of murine mycoplasmosis) has been shown to induce
protective antibodies; however, other approaches are till neces-
sary.

Challenges

Studies should continue in order to understand the epidemiol-
ogy of diseases caused by M. pneumoniae, to understand the
molecular pathogenesis, and to develop powerful diagnostic
technology. Indeed, the diagnosis of M. pneumoniae has been
hampered by the lack of standardization of rapid methods. Itis
critical that new targetsfor intervention are identified, and ap-
propriate animal models are developed. For example, it would be
useful to understand the involvement of proteases in mycoplas-
mal growth, to evaluate the use of protease inhibitors on infec-
tions caused by mycoplasmas, or to assess newly devel oped
candidate vaccines. There is a tremendous gap in understanding
therole of humoral and cell-mediated immune responses. For
exampl e, studies should be conducted to examine therole of Thl
versus Th2 subpopulations in resistance or susceptibility to
infection. In addition, it isimportant that the role of cytokines
and inflammatory mediatorsaswell as cellular adhesion mol-
ecules and mechanisms of T-cell activation be clarified. Further,
the significance of immunopathological reactionsin the develop-
ment of chronic diseases associated with M. pneumoniae needs
to be investigated. Besides the efforts to understand the host
immune response, the ability of the organism to develop anti-
genic changes remains amajor challengein vaccine develop-
ment.

Sources
Barile, M., Grabowski, M., Kapatais-Zoumbois, K., Brown, B.,
Hu, P, & Chandler, D. (1994). Protection of immunized and previ-

ously infected chimpanzees challenged with Mycoplasma
pneumoniae. Vaccine, 12, 707-714.

Baseman, J. B., & Tully, J. G. (1997). Mycoplasmas: Sophisti-
cated, reemerging, and burdened by their notoriety. Emerging
Infectious Diseases, 3, 21-32.

Cassell, G (1998). Infectious causes of chronic inflammatory
diseases and cancer. Emerging I nfectious Diseases, 4, 475-487.

Cimolai, N.,Mah, D., Taylor, G, & Morrison, B. (1995). Basesfor
the early immune response after rechallenge or component vac-

cination in an animal model of acute Mycoplasma pneumoniae
pneumonitis. Vaccine, 13, 305-309.

Clyde, W. A. (1983). Mycoplasma pneumoniae respiratory dis-
ease symposium: Summation and significance. Yale Journal of
Biology and Medicine, 56, 523-527.

Dybvig, K., & Voelker, L. (1996). Molecular biology of mycoplas-
mas. Annual Review of Microbiology, 50, 25-57.

Hammerschlag, M. R. (2001). Mycoplasma pneumoniaeinfec-
tions. Current Opinionsin Infectious Diseases, 14, 181-186.

Himmédreich, R., Plagens, H., Hilbert, H., Reiner, B., & Herrmann,
R. (1997). Comparative analysis of the genomes of the bacteria
Mycoplasma pneumoniae and Mycoplasma genitalium. Nucleic
AcidsResearch, 25, 701-712.

Romero-Arroyo, C. E., Jordan, J., Peacock, S. J., Willby, M. J.,
Farmer, M. A., & Krause, D. C. (1999). Mycoplasma pneumoniae
protein P30 is required for cytadherence and associated with
proper cell development. Journal of Bacteriology, 181, 1079-
1087.

Seggev, J., Sedmak, G, & Kurup, V. (1996). | sotype-specific anti-
body responses to acute Mycoplasma pneumoniae infection.
Annals of Allergy, Asthma & Immunology, 77, 67-73.

Smith, C., Freidewald, W., & Chanock, R. (1967). Inactivated
Mycoplasma pneumoniae vaccine. Journal of the American
Medical Association, 199,103-108.

PARAINFLUENZA VIRUS

The human parainfluenzaviruses (HPIVs) consist of four sero-
types (HPIV1to 4). They are common seasonal respiratory
pathogens that cause a range of diseases from mild URIsto life-
threatening LRIs. HPIV 3 isthe second |eading cause of bronchi-
olitis and pneumoniain infants and children less than 6 months
of age, and also causes croup and laryngitisin infants and chil-
dren. In contrast, most of theillness caused by HPIV 1 and

HPIV 2 occurs after 6 months of age. HPIV 4 has been associated
with mild upper respiratory tract illnessin children and adults.
Recently, HPIV s have been reported to cause severe lower respi-
ratory tract disease in bone marrow transplant recipientsand in
lung transplant recipients.

Although development of avaccine to prevent parainfluenza
infections has been ahigh priority at NIAID (see Appendix A,
table of priority vaccines from first Jordan Report), alicensed
vaccineisnot available yet. The first Jordan Report indicated
that a subunit vaccine for HPIV 3 was being developed. The
basis of this approach involved the protective antigens of
HPIVs, i.e., the hemaggl utinin-neuraminidase (HN) glycoprotein
(the attachment protein) and the fusion (F) glycoprotein. Several
PIV 3 vaccine candidates have been produced by either purifying
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the HN and F proteinsfrom native virus or by recombinant tech-
nology. Animal studies of these vaccines in hamsters and cotton
rats have demonstrated protection against live virus challenge.
A trivalent vaccine containing HN and F proteinsof 1, 2, and 3
adjuvanted with aluminum phosphate elicited neutralizing anti-
bodiesin mice. Although these studies provide the basis for
continued development of a PIV subunit vaccine, progress has
been impeded by weak immunogenicity of purified proteinsin
immunologically naive subjects and the need for a safe adjuvant.

A number of aternative methodol ogies have been pursued for
PIV vaccine devel opment. A vaccine consisting of formalin-
inactivated PIV was evaluated in infantsin the 1960s. Although
this vaccine was safe (i.e., no enhanced disease was observed),
it was not sufficiently immunogenic to be protective. A more
recent approach to vaccine development involves live-attenu-
ated parainfluenza strainsfrom either human or bovine origin. A
wild-type HPIV 3 strain was cultivated at low temperature for 45
passages, and mutant strains of different passage number were
evaluated in nonhuman primates. Because the HPIV 3cp45 virus
was shown to be more attenuated than other strains in these
studies, this strain was selected for human clinical trias. The
safety, infectivity, and immunogenicity of HPIV 3cp45 have been
evaluated in aphase |, randomized, double-blind, placebo-con-
trolled study in children 6 monthsto 10 years of age. The vac-
cinewaswell tolerated when administered intranasally to serop-
ositive and seronegative children. This study indicated that the
HPIV 3cp45 vaccineis satisfactorily attenuated, infectious, immu-
nogenic, and phenotypically stable. A phase Il study isin
progress to further evaluate this promising vaccine candidate.

Another approach to protect against infection with HPIV3 has
been the use of bovine PIV 3 (BPIV3) asacandidatelive-virus
vaccine. There are severa reasonsfor thisstrategy. First, BPIV3
isantigenically related to HPIV 3, as shown by sequence analy-
ses and cross-neutralization studies of HN and F proteins of
HPIV3and BPIV 3. In addition, the natural host range restriction
of replication in humans results in an attenuated phenotype.
Thisapproach to immunization against viral pathogens, employ-
ing an antigenically related animal virus as avaccine for humans,
has been described as “Jennerian” and has been successful for
other viral pathogens. Studies in cotton rats and nonhuman
primates led to human trials. Results of these studies confirmed
the attenuated phenotype and demonstrated induction of an
immune response. Thefirst study involved administration of
BPIV3to adults. Thisclinical trial demonstrated that the vaccine
was avirulent and that replication of the virus was restricted.
Thisclinica trial wasfollowed by severa studiesin infantsand
children, which arebriefly summarized here. A phase, random-
ized, double-blind, placebo-controlled BPIV3clinical trial was
conducted initially in 6- to 60-month-old seropositive infants
and children and then subsequently in seronegative infants and
children. A second dose of BPIV 3 vaccine was administered 2
months after the initial dose to a subset of sernonegative infants
and children. A second study evaluated the BPIV3 vaccinein a

larger group of seronegative infants and children, divided into
groups of 2- to 6-month-old infants and 6- to 36-month-old in-
fantsand children. Most recently, aphasell clinical trial was
conducted in which the BPIV 3 vaccine was administered at ages
2,4, 6,and 12to 15 months. Intheseclinical trias, the BPIV3
vaccinewas administered intranasally. All studiesindicate that
thislive-virus vaccine is attenuated, infectious, immunogenic,
and phenotypically stable in infants and children, and this ap-
proach should be further evaluated.

Reverse genetics is the most significant scientific advancein the
development of aPlV vaccine. For the PIVs, thistechnology was
first reportedin 1997 with the recovery of infectiousHPIV 3 from
viral genome cDNA. During the past few years, reverse genetic
systems have been reported for the recovery of BPIV, PIV1, and
PIV2 from cDNA. This methodology has been used successfully
to identify regions of cold-passaged PIV and BPIV that contrib-
ute to the attenuation phenotype. Once identified, the attenuat-
ing mutations can be introduced into cDNA. Thus, using this
technology the genetic basis of attenuation has been defined
and is being used to construct improved attenuated vaccine
candidates. In addition, recombinant viruses produced using
reverse genetics can be modified by replacement of protective
antigens from heterologous PV strains to devel op additional
vaccine candidates. Recombinant chimeric PIVsthat contain the
attenuating mutationsfrom well-characterized PIV vaccine candi-
date viruses and protective antigens of other PIV strains have
been generated. For example, rBPIV 3 was derived from BPIV3
cDNA and used to construct rB/HPIV 3, achimeric virusin which
the F and HN genes of BPIV 3 werereplaced with their HPIV3
counterparts. Another recombinant live-virus vaccine candidate,
designated as rHPIV 3-1cp45, contains the attenuated back-
ground of the rtHPIV 3cp45 virus together with the HN and F
protective antigens of HPIV 1. Reverse genetics also was used to
construct rPIV3-1.2HN, abivalent vaccinevirusagainst HPIV 1
and HPIV 2, using arecombinant HPIV 3 backbone. These chi-
meric vaccine viruses are promising candidates for protection
against PIV illness.

Another Jennerian vaccine to be considered is the use of Sendai
virusto protect against HPIV 1, since these viruses have a close
antigenic relatedness. Studies on immunogenicity and level of
attenuation are in progress.

A number of vaccinesto protect against HPIV disease arein
various stages of development. The most promising are the live-
attenuated virus constructs generated using reverse genetics.
Research conducted by NIAID investigators at the Laboratory
of Infectious Diseases has resulted in major advancesin PV
vaccine development that have led to the construction of live-
attenuated virus vaccine candidates with great potential. The
success of this approach is based on the capability of these
viruses to induce a balanced immune response that includes
serum and mucosal virus-neutralizing antibodies aswell as cellu-
lar-mediated and innateimmunity.
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PseuboMoNAS AERUGINOSA

Background

Pseudomonas aeruginosa is an opportunistic organism as well
as a pathogen for patients with CF, a disease that usually pre-
sentsitself in early childhood. CF patients have a mutant gene
that does not allow the movement of chloride across the cell
wall, and the clinical presentation resulting from thisdefect is
that of excessive mucus production and impaired mucociliary
clearance. As a consequence, there is the development of a
variety of microbial infections, mainly P. aeruginosaand
Burkholderia cepacia, the latter associated with lung deteriora-
tion. Significant advances have been made in the management of
CF patients through diet and physiotherapy and by treatment
with recombinant human deoxyribonuclease (rhDNasg) | to
relieve airway obstruction. Now, many CF patients survive to
adulthood; the life expectancy isapproximately 30 years. CF
affects 30,000 children and young adults worldwide, with 400
deaths each year. Although there has been considerable
progress in the use of gene therapy to correct the basic genetic
defect of CF at the molecular level, thereis no evidence that
gene therapy alters the course of Pseudomonas infection in this
population, so preventive approaches, such as the development
of safe and effective vaccines, are needed. Efforts to control
these infections with antibiotics and better pulmonary therapy
have done little to reduce the high mortality associated with P.
aeruginosa pneumonia; however, immunotherapeutic interven-
tions with active vaccination or passive therapy may have a
significant impact on the development of sepsisand on survival.
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While P. aeruginosa isaspecia problem for CF patients, it also
contributes to the high mortality ratesin patients with emphy-
sema, cancer, AIDS, and serious burns. Studies indicate that
although P. aeruginosa is not the most common bacterial patho-
genin AIDS patients, the presence of the organism is usually
associated with fatality. The reason for the extraordinary patho-
genicity of P. aeruginosa in these patientsis not clear; however,
it is possible that a variety of virulence factors produced by P.
aeruginosa may account for the high mortality rates. Such viru-
lence factors may play arolein colonization, tissue invasion, or
theinhibition of avariety of immune responses. A major viru-
lence factor produced by P. aeruginosa is an exopolysaccharide
or aginate. Alginate not only encapsulates the infecting bacte-
ria, thereby protecting them from antibiotic treatment or from
attack by host immune responses, but also enables the bacteria
to adhere to epithelial cells of the lung and enhances the oppor-
tunity for further colonization and invasion. Other virulence
factors associated with Pseudomonas infections include cell-
associated structures, such as pili, as well as secreted products,
such asexotoxin A, exoenzyme S, hemolytic phospholipase, and
proteases. Expression of these virulence factorsis highly regu-
lated, which probably accounts for the ability of P. aeruginosa
to cause such awide variety of infectionsin vastly different
host environments. In addition to the expression of virulence
determinants, P. aeruginosa in the lungs of CF patients growsin
biofilms, and this may explain the difficulty encountered in treat-
ment with antibiotics. In thisregard, new approachesarein
development aimed at killing the organismswithin the biofilms.

Research Accomplishments

During the past 2 decades, significant advances have been made
in understanding the pathogenesis of P. aeruginosa infections
in patients with CF, aswell as understanding the molecular and
cellular basis of the CF defect. Several ideas have been sug-
gested to explain the relationship between the CF gene defect
and susceptibility to P. aeruginosa, including impaired killing of
P. aeruginosa by host defensins, presumably due to the high
salt content in the secretions in CF patients; low production of
nitric oxide, an important defense mechanism; reduced uptake of
P. aeruginosa in CF respiratory epithelial cells; and reduced
sialylation of epithelial glycoconjugates, resulting in reduced
adherence of organisms. Indeed, a number of studies have been
conducted to examine these ideas. For example, studies by
NIAID-supported investigators show that leukocytes from delta
508 homozygous CF patients are deficient in the uptake of P.
aeruginosa. Also, the results of arecent NIAID-supported
study showed that the intracellular organelle, trans-Golgi net-
work, ishyperacidified in CF lung epithelia cells, resultingin
increased adherence of P. aeruginosa. The studies further show
that correction of the hyperacidification by normalizing the pH
leads to decreased bacterial adherence.

Studies carried out by NIAID-supported investigators, designed
to examinethe significance of chronic malnutritionin CF pa-
tients, indicate that diet-induced protein calorie malnutrition
altersthe clearance of P. aeruginosa from the lung. Also, mal-

nourished animals show excessive inflammation in response to
P. aeruginosa, relative to normal animals, presumably dueto the
failureto produce anti-inflammatory cytokineIL-10. Thesere-
sults are consistent with the view that nutritional deficiency
contributes to compromised immune defenses and bacterial
colonization and excessive inflammation in therespiratory tract
of CF patients. Thus, future treatment efforts for CF patients
should also consider nutritional supplementation.

Studies conducted to examine the inflammatory changes associ-
ated with P. aeruginosa infections show that CF patients have
high levelsof proinflammatory cytokines(e.g., IL-1, 8, and TNF-
a) inthelung environment relative to the levelsin healthy indi-
viduals. By contrast, thelevels of anti-inflammatory cytokines,
suchas|L-10, arelow in CF patients as compared to those in
healthy individuals. Indeed, experimental animal model studies
show increased pathology associated with P. aeruginosa infec-
tioninL-10 knockout mice. Molecular analysisof signal trans-
duction events suggests that P. aeruginosa induces epithelial
cell production of IL-8 by activation of NFkB. Cellswith CF
mutations have significant endogenous levels of activated
NFkB. Theseinflammatory changes must be taken into account
in the design of preventive procedures, such as vaccines
against P. aeruginosa.

Considerable attention has been focused on the mechanisms by
which the organisms sense, integrate, and process information
from their surroundings. This process, described as quorum
sensing, is used by bacteriafor cell-cell communication and has
been shown to be important in the pathogenesis of diseases
caused by P. aeruginosa. Studies now indicate that certain of
the extracellular virulence factors are controlled by a system of
guorum-sensing molecules. Quorum sensing isaso involved in
theformation of bacterial biofilms. There are essentialy two
componentsto the system: A small diffusible signal molecule,
typically N-acyl homoserinelactonein gram-negative bacteria;
and a second molecule, atranscriptional activator protein. Re-
cent studies by NIAID-supported investigators indicate that
guorum-sensing mutants areless virulent in animal models than
their wild-type/normal P. aeruginosa strains. Such studies
should enhance understanding of the interactions between
bacteria biofilms and host responses. Another recent study
designed to understand the differences between free-living P.
aeruginosa and those in biofilms, and to understand why
biofilms are resistant to antibiotics, hasyielded useful informa-
tion. Using DNA microarray analysis, the investigators showed
that only afew key genesare differentially expressed in biofilms;
however, at least one of these genes is involved in morphology
and antibiotic sensitivity of biofilms. Because of theincreasing
difficulty to treat the organism, particularly oncethebiofilmsare
fully formed, these findings, and the anticipation that the studies
may |lead to the devel opment of targets for therapeutic interven-
tion, represent important advances.

Recent advances have been made in understanding the actions
of type Il secretory proteins of P. aeruginosa. These proteins

163



Respiratory Infections

are aso found in severa pathogenic strains of gram-negative
bacteria, including Salmonella, Shigella, and Yersinia, and are
integral to the virulence of gram-negative bacteria. Recently, it
was demonstrated that the expression of type I1l secretory pro-
teins, in particular PcrV, inclinical isolates of P. aeruginosais
associated with mortality and morbidity in CF patients.

Progress in Vaccine Development

Significant advances have been made in the devel opment of
vaccines against P. aeruginosa. Severa surface proteins and
polysaccharides have been demonstrated to be safe and immu-
nogenic in small phase | and Il studies and have been shown to
generate protectiveimmunity in various animal model systems.
First, HMW polysaccharides and mucoid exopolysaccharide
(MEP) vaccine preparations have been tested in humans. In
addition, experiments are in progress to enhance theimmunoge-
nicity of MEP by conjugation to protein carriers. Investigators
also have pursued the use of recombinant OMPs as vaccines
against P. aeruginosa infections. The results of experiments
using a hybrid vaccine, containing protective epitopes of OMPs
F and |, indicated that the vaccine was highly immunogenic and
protective against P. aeruginosa infectionsin mice, especialy
when expressed asaplant virus. In clinical studies, recombinant
OMP | wasfound to be safe and immunogenic in human volun-
teers. However, the use of OMPs as vaccines against P.
aeruginosa infections requires further study. Recent studies in
mice using a DNA vaccine based on an OMP indicate that anti-
bodies produced were specific for the protein and that injection
of the vaccine was protective in amouse model of P. aeruginosa
infection. Third, oral immunization with killed P. aeruginosa
vaccine preparation protected naive animals against challenge
with live bacteria. Despite these encouraging results, most stud-
ies done to date have demonstrated immunogenicity without
protective efficacy. Besides activeimmunization, the use of
passively administered antibodiesis an attractive alternative in
that many patients susceptible to infections with P. aeruginosa
are immunocompromised and do not respond adequately to
activeimmunization. In this regard, arecent study reported that
human anti-Pseudomonas L PS antibodies generated in
transgenic mice are opsonic for the uptake and killing of bacteria
by human polymorphonuclear leukocytes.

Challenges

For CF patients, a vaccine should induce an immune response
that would prevent mucosal colonization of P. aeruginosa and/
or elicit aresponse against virulence factors associated with
adherence. A better understanding of the molecular regulation of
P. aeruginosa virulence factors, and in particular, theinteraction
of P. aeruginosa with host cellsaswell asthe overall host im-
mune response to infections should provide valuable informa:
tion for vaccine design. Indeed, the availahility of the P.
aeruginosa genome, and new technological approaches should
make these goals feasible. Researchers are now using genetic
tools, such as P. aeruginosa microchips, to examine bacterial
virulence factors and to develop better vaccine candidates. In

addition, DNA arrays are being used to identify bacterial genes
inclinical specimens. Clearly, study comparability will require
standardization of these newer approaches.
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REsSPIRATORY SyNcYTIAL VIRUS

Respiratory syncytial virus (RSV) isthe single most important
cause of severelower respiratory tract infection in infants and
young children, the elderly, and the immunocompromised. Itisa
common cause of winter outbreaks of acute respiratory disease.
RSV infects repeatedly and causes disease throughout life,
including awide array of respiratory symptomsfrom rhinitisand
otitismediato pneumoniaand bronchialitis, with the | atter two
diseases having significant morbidity and mortality. In the
United States, 3.5to 4 million children younger than 4 years of
ageacquire RSV infection annually. It is estimated that RSV
accounts for 100,000 hospitalizations annually in infants of less
than 1 year of age. Although the number of RSV-associated
hospitalizations did not change significantly over the past 2
decades, the number of RSV-associated deathsin the United
States has decreased over the same period from 4,500 to no more
than 510 per year. RSV infectsnearly al children by 2 years of
age, with re-infections during later childhood and adulthood that
aregenerally associated with milder disease. Recently, RSV has
been recognized as a significant cause of severe respiratory
infectionsin the elderly, with outbreaks that are complicated
with pneumoniareported among institutionalized elderly pa-
tients. It is estimated that there are 60,000 RSV-associated hospi-
talizations per year in the United States among the elderly. Se-
vere RSV infectionsare also aproblem inimmunocompromised
patients of any age, especially transplant recipients. Thereis
recent evidence of alink between RSV infection and the devel-
opment of asthma.

Although devel opment of avaccine to prevent RSV infections
has been ahigh priority at NIAID (seeAppendix A, table of
priority vaccines from first Jordan Report), alicensed vaccineis
not yet available. The development of an RSV vaccineisadiffi-
cult but important priority. The most significant obstacle to
developing avaccine against RSV infectionsis the unexpected
enhanced disease that resulted from vaccination of children with
aformalin-inactivated whole RSV vaccinein the 1960s. Recipi-
ents who were seronegative at the time of vaccination experi-
enced lower respiratory tract disease of increased incidence and
severity upon subsequent natural infection. To develop an
effective vaccine, it isimperative to understand the protective as
well asthe disease-enhancing immune responsesto RSV. Re-
search efforts have been focused on the individual components
of these responses, including cell-mediated events as well as
production of serum and secretory antibodies. Although much
has been learned about these components, a safe and effective

vaccine that induces protective immunity and does not cause
enhanced disease is not yet available. An effective vaccine
could be useful in reducing morbidity, reducing the frequency of
hospitalization, and decreasing the death rate. VVaccine candi-
dates under development are evaluated in animal modelsfirst,
followed by adults, immune children, older nonimmune children,
younger nonimmune children, and susceptible infants.

There are two RSV strain subgroups, A and B. A successful
vaccine would induce resistance to subgroup A and B strains of
RSV. The mgjor protective antigens of RSV arethe F and attach-
ment (G) glycoproteins found on the surface of RSV. The pro-
teins induce neutralizing antibodies that protect against wild-
type RSV infection. The F surface protein is highly conserved
among the RSV subgroups, and functions to promote fusion of
thevirus and host cell membranes. The major difference between
RSV subgroupsA and B isthe G protein, which isresponsible
for attachment of RSV to asusceptible cell. Although thereis 47
percent amino acid sequence diversity between RSV A and RSV
B G proteins, the G protein contains a central conserved domain
that isflanked by two hypervariable regions.

Purified F protein (PFP) has been developed as a potential vac-
cine candidate by Wyeth-L ederle Vaccines. PFP-1 and PFP-2 are
subunit vaccines that were tested in various populations in
phasel and Il human clinical trials. In studieswith 12- to 48-
month-old RSV seropositive children, PFP-1 and PFP-2 have
been shown to be safe and immunogenic. These studies were
not designed to evaluate vaccine efficacy.

Subunit vaccines may be particularly useful in specific groups of
high-risk children and adults. A pilot study in children with CF
demonstrated that PFP-2 vaccine induced a significant antibody
response and a significant reduction in the number of lower
respiratory tract illnesses. In addition, studies demonstrated that
PFP-2 vaccineis safe and immunogenic in ambulatory adults
over age 60, and in seropositive children with bronchopul mo-
nary dysplasia.

A phase |l double-blind, controlled, multicenter study of the
safety, immunogenicity, and effectiveness of the PFP-3 subunit
vaccinewas conducted in RSV seropositive children with CF.
The vaccine was safe and immunogenic; however, the study did
not demonstrate a reduction in the incidence of lower respiratory
tract illnessin vaccinees.

Maternal immunization using apurified F protein subunit vac-
cine is a strategy being evaluated to protect infants younger
than 6 months of age from RSV disease. Therationaleis based
on reports of efficient transfer of specific maternal neutralizing
antibodies to infants, and demonstration of the prophylactic
value of high-titer anti-RSV polyclonal antiserum or humanized
monoclonal antibody administered to high-risk children (protec-
tion against lower respiratory tract RSV disease and hospitaliza-
tion). The advantages of maternal immunization are that babies
less than 6 months old are most at risk for RSV infection, but are
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least responsive to vaccines; pregnant women respond well
immunologically to vaccines; and placental transfer of maternal
antibody occurs naturally during the third trimester. A phase |
double-blind, placebo-controlled study was conducted with 35
healthy third trimester pregnant women who wererandomized in
a2:1ratiotoreceiveeither PFP-2 vaccine or saline placebo. The
vaccine was safe and immunogenic. Transplacental transfer of
maternal neutralization antibodiesto RSV wasefficient. Infants
born to vaccine recipients were healthy and did not experience
adverse eventsrelated to maternal immunization.

The G protein fragment of RSV isthe basis of a subunit vaccine
being developed by scientists at the Centre d’ Immunologie
Pierre Fabre. A novel recombinant vaccine candidate, BBG2Na,
has been constructed by fusing the conserved central domain of
the G protein (G2Na) of RSV Long strain to BB (the albumin-
binding region of streptococcal G protein). A clinical trial was
conducted in 108 healthy adults. The BBG2Navaccinewas
found to be safe, well tolerated, and immunogenic.

A subunit RSV vaccine consisting of the F, G and M proteinsis
being developed by Aventis Pasteur. The primary target of this
vaccineis prevention of significant respiratory diseasein RSV
non-naive study populations. Two phase | clinical trials have
been conducted in healthy 18- to 45-year-old adults that have
supported the safety and immunogenicity of this product. The
first trial compared an aluminum phosphate formulation of the
vaccine (n=30) with aluminum phosphate control (n=10). The
second trial compared the aluminum phosphate formulation
(n=10) with aformulation containing anew adjuvant
poly[di(carboxylatophenoxy)phosphazene] (PCPP) (n=30) ina
different sample of young, healthy adults. Both vaccines were
well tolerated and immunogenic. Larger phase |l studiesin adult
populations are either planned or underway.

Other subunit vaccinesin preclinical development include:

e Recombinant chimeric RSV FG glycoprotein vaccines
adsorbed onto aluminum hydroxide gel with or without the
addition of 3-deacylated monophosphoryl lipid A

e Fproteinformulated with alum with or without G protein
(from subtypesA and B)

e Synthetic peptide of the conserved region of the G protein
with or without choleratoxin asamucosal adjuvant

e Recombinant fragment (BBG2Na) of the G protein formu-
|ated with dimethyl di octadecylammonium bromide, anasal
adjuvant

e Recombinant fragment of the G proteinin alipsome-
encapsulated formulation, prepared by including avariety
of different lipids

e Mimotope (peptide that mimicsthe antigenicity) of a
conserved and conformationally determined epitope of the
F protein recognized by an anti-RSV monoclonal antibody
(MAD19) that neutralizesRSV

A live-attenuated RSV vaccine that could be delivered to the
respiratory mucosa has been the basis of another approach to
vaccine devel opment. Intranasal immunization with alive RSV
vaccine has the potential to induce systemic and local immunity
and to protect against upper and lower respiratory disease. Early
attemptsincluded cold passage, cold adaptation, chemical mu-
tagenesis, temperature-sensitive selection, and combinations of
these methods. NIAID scientists at the Laboratory of Infectious
Diseasesin collaboration with Wyeth-L ederle Vaccines have
developed live-attenuated vaccine candidates. Several promis-
ing mutants derived fromwild-type strain RSV A-2 (strainA2,
subgroup A) were evaluated in seropositive children and older
seronegative children. From these studies, RSV vaccine candi-
date cpts 248/404 (acol d-passaged, temperature-sensitive mu-
tant of ahuman RSV A strain) was shown to be safe and immu-
nogenic and attenuated when administered intranasally in a
placebo-controlled, randomized, double-blindtrial in RSV serop-
ositive and seronegative infants and children. However, when
thisvaccine was administered to 1- to 2-month-old RSV naive
infants, mild-to-moderate upper respiratory congestion resulted,
indicating that more attenuation was needed. In order to con-
struct more-attenuated vaccine candidates, the technology of
reverse genetics was employed. This powerful tool isthe most
significant scientific advancein recent yearsto facilitate vaccine
development. By using reverse genetics, the genetic basis for
RSV attenuation was determined, which provided the basisfor
the construction of defined attenuated vaccine viruses with
improved genetic stability. Examplesinclude strainsrA2cp248/
4047?SH and rA2cp248/40410307SH that are being evaluated in
infants 4 to 12 weeks of age. To date, the pattern of nasal con-
gestions observed with cpts 248/404 has not been seen. This
study demonstrates the progress that has been made in devel-
oping appropriately attenuated recombinant RSV vaccinesfor
infants.

Reverse genetics also has been used to expedite the devel op-
ment of RSV vaccinesto protect against RSV subgroup B. One
approach has been to replace the G and F genes of recombinant
RSV A-2 with the G and F genes of strain B1 of subgroup B.
Another approach has been to construct a strain that expresses
the RSV subgroup B gene in arecombinant subgroup A virus
backbone. TherB/HPIV3-RSV-A and -B chimeric virusesare
promising vaccines with the potential of protecting infants and
children against RSV and PIV 3 infections; these vaccines have
been constructed with reverse genetics by employing the BPIV
as abackbone in which the HPIV 3 protective antigens have
been inserted as well as the protective antigens of RSV (see
ParainfluenzaVirus section for moreinformation about rB/HIV 3).

A vaccine strategy to be considered for protecting adults
against RSV illnessisacombination of alive-attenuated vaccine
with a subunit vaccine. This alternative approach was used
because previous studies of PRP-2 in ambulatory and institu-
tionalized adults over 60 years of age demonstrated that the
vaccine was safe and moderately immunogenic in healthy ol der
adults, but relatively lessimmunogenic in theinstitutionalized
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elderly. Thus, aclinical trial was conducted in which cpts 248/404
and PFP-2 were administered to healthy young adults and
healthy elderly adults using simultaneous and sequential vacci-
nation schedules. Both vaccines were well tolerated; however,
the cpts 248/404 vaccine appeared to be overattenuated. Future
studies that combine PFP-2 with aless attenuated RSV vaccine
would be desirable.

The prospects for the future for RSV vaccines are encouraging.
Ongoing studies are focused on furthering the understanding of
protection and immunopotentiation of RSV diseaseto provide
the scientific basis required for the rational design of candidate
RSV vaccines. Subunit vaccines have been shown to be safe
and immunogenic in seropositive children, pregnant women, and
adults (including those over 60). They have great potential use
in adults and specific groups of high-risk children (CF) and for
protecting infantsviamaternal immunization. Different adjuvants
are currently being studied to augment immunogenicity of sub-
unit vaccines. Live-attenuated vaccine candidates also have
been shown to be safe and immunogenic. New methodsin bio-
technology (reverse genetics) are now available to provide tools
for designing vaccines with defined mutations to achieve de-
sired levels of attenuation that are genetically stable.
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SMALLPOX

As concerns in-
crease about the
use of biological
agents in acts of
terrorism or war,
Federal health
agencies are evalu-
ating existing
measures and
stepping up hew
ones to protect the
publicfromthe
health conse-
guences of such
an attack. Smallpox
virus (Variola
major) is consid-
ered one of the
most dangerous
potential biological
weapons because it is easily transmitted from person to person,
and few people carry full immunity to the virus. Although a
worldwideimmunization program eradicated smallpox disease
decades ago, small quantities of smallpox virusstill existinafew
research |aboratories around the world.

Variola major

With smallpox eradicated, vaccinations against the disease have
not been required in the United States for nearly 30 years. Those
who did receive a vaccination 3 decades ago are believed to
have little immunity to the virus|left, and people bornin the
United States since that time have not been vaccinated at al. No
new smallpox vaccine had been manufactured in almost 20

years; with no market for the vaccine, the private sector lost
interest in the product and showed little interest in producing a
next generation vaccine.
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The classic smallpox vaccine licensed in the United States was
prepared from calf lymph. The vaccine was made with 1950s
methods and is not a sterile product. It produces significant side
effects and is currently contraindicated in such populations as
the immune suppressed, pregnant, and the very young. Cur-
rently available supplies of smallpox vaccinein the United States
arelimited to about 15 million doses. The anticipated need to
control aU.S. outbreak is40 million doses, and theinternational
need is undetermined but substantial.

Federally sponsored research to counter the threat of smallpox is
progressing rapidly and will be accelerating in the year ahead.
Major research efforts [cofunded by NIAID with the Centersfor
Disease Control and Prevention (CDC) and the Departments of
Defense and Energy] includethe following:

e Extending the usefulness of the currently available, older
vaccine (by doing human studies to determine whether
available stocks can be “stretched”)

e Developing asafe, sterile smallpox vaccinegrownincell
cultures using modern technol ogy

e Exploring development of avaccinethat can beusedin all
segments of the civilian population (e.g., immune-sup-
pressed individuals, pregnant mothers)

e Increasing knowledge about the genome of smallpox and
related viruses

During the past year, significant progress has been made in the
nation’s ability to have vaccine available to vaccinate every
American, if necessary. Resultsfrom aNIAID-supported clinical
trial indicatethat the existing U.S. supply of smallpox vaccine—
15.4 million doses—could successfully be diluted up to five
times and retain its potency, effectively expanding the number of
individualsit could protect from the contagious disease. The
trial, conducted through the NIAID VTEUS, compared full-
strength Dryvax smallpox vaccineto five- and tenfold diluted
vaccinein 680 young adults with no history of smallpox vaccina
tion. More than 97 percent of all participantsin thetrial re-
sponded with avaccine “take,” ablister-like sore at theinjection
site that serves as an indirect measure of the vaccine's effective-
ness. The investigators found no significant difference in the
take rate of the three doses. This study is an important compo-
nent in the Department of Health and Human Services' goal of
having enough smallpox vaccine to vaccinate every American.
In addition, to ensure that sufficient vaccine becomes available
to protect the entire U.S. population, a contract established in
2000 by CDC with Acambis (Cambridge, MA) to produce and
maintain astockpile of 40 million doses of anew, MRC-5 (adip-
loid human lung cell line suitable for the production of viral
vaccines) cell culture-grown vacciniavaccine was modified to
reflect the need for expanded and accel erated production and
human testing. The revised goal isto produce more than 50
million doses by the end of 2002, with increased surge capacity

for production of morethan 180 million dosesannually from 2003
on. Pilot lot production of the new vaccine is now underway, as
arephasel clinical trials. Phasell and 111 clinical trialsare sched-
uled to begin later in 2002. Acambis expectsto license the new
vaccine by theend of 2003; however, it will beavailablefor
emergency use as an investigational new drug (IND) product as
soon asit is manufactured. A second contract has been awarded
to Acambis, in partnership with Baxter (Vienna, Austria), for
production of 155 million doses of Vero cell culture-produced
vacciniavaccinefor delivery by the end of 2002. The expanded
use of the Dryvax vaccine, coupled with production of new
vaccine from these two contracts, should result in sufficient
vaccinefor the entire U.S. population by the end of 2002.

Studies are now underway to examineif Dryvax can be diluted
and used in non-naive adults and in children. Other vaccines
based on second- and third-generation smallpox vaccines, such
as amore-attenuated strain of vaccinia called MVA, also should
moveinto clinical trialsin the coming year.

STREPTOCOCCUS PNEUMONIAE

In the United States, pneumococcal infections are responsible
for an estimated 500,000 cases of pneumoniaand 40,000 deaths
annually, and are associated with as many as 7 million cases of
otitis media. Serious invasive diseases caused by S
pneumoniae include pneumonia, sepsis, and meningitis. The
overall incidence of invasive pneumococcal disease in the
United Statesis estimated to be 15 to 30 cases per 100,000 popu-
lation. The rate varies significantly, however, as afunction of
age and ethnicity. Overall, theratesin children less than or at 2
yearsof age (160 per 100,000) and in the elderly (50to 83 per
100,000) are much higher than the rate inimmunocompetent
adults. The case fatality rate among the elderly is 30 to 40 per-
cent, despite the use of antibiotics. Disease ratesin blacks are
three- to fivefold higher than rates in whites, and as much as
tenfold higher in Native Americansthan in whites.

The conventional vaccine for pneumococcus consists of amix-
ture of 23 different capsular polysaccharides. While this vaccine
isvery effective in young adults who are normally at low risk of
serious diseasg, it is only about 60 percent effectivein the eld-
erly. In children less than 2 years of age, the vaccineisineffec-
tive and is not recommended due to the inability of this age
group to mount an antibody response to the pneumococcal
polysaccharides. Antimicrobial drugs such as penicillin have
diminished therisk from pneumococcal disease. However, the
increasing presence of antimicrobial-resistant formsof S
pneumoniae has promoted an even greater need for
immunoprophylactic approaches to protect against serious
invasive disease and coloni zation. Furthermore, many individu-
als, especialy those at high risk for infection, do not receive the
required immunizations against S. pneumoniae. Therefore, addi-
tional strategies are needed to improve the access of these pa-
tients to vaccination, with special emphasis being placed on
immunizing adultswhile maintaining acommitment to vaccinate
children.
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A child holding his medical records while he waits to be
vaccinated as part of the Gambia Pneumococcal Sudy. This
study in 16,000 Gambian children is designed to determine
whether 3 doses of 9-valent pneumococcal conjugate vaccine
can significantly reduce the occurence of x-ray confirmed
pneumonia

Recently, apneumococcal 7-valent conjugate vaccine

(Prevnar 5;'manufactured by Wyeth-L ederle Pediatrics, was
licensed for use in toddlers and children under the age of 2, as
well asolder children with weakened immune systemsor other-
wise at high risk. This represents the first pneumococcal vaccine
licensed directly for usein infants, and is now recommended as
part of the routine vaccination schedule along with 10 other
vaccines. Previously licensed vaccines were only effectivein
adults. In clinical trials, this conjugate vaccine was shown to be
safe and prevent invasive pneumococcal disease when adminis-
tered along with routineinfant immunizations. Theresultsfrom a
large-scale, controlled, double-blind efficacy trial in southern
Californiainvolving 38,000 children demonstrated the vaccineto
be 97 percent effective in preventing serotype-specific invasive
pneumococcal disease in children lessthan 5 years of age. The
study also showed that the vaccine reduced common ear infec-
tionsoverall by 7 percent and multiple ear infections by 23 per-
cent. An additional study in Finland further substantiated these
findings by showing that the same vaccine caused an overall
reduction in the occurrence of otitis media by 6 percent, a34
percent reduction in otitis caused by S. pneumoniae, a 57 per-
cent reduction in otitis caused by the seven serotypes con-
tained in the vaccine, and a 20 percent reduction in the need for
ear tubes. While the reduction in the number of cases of otitis
may appear small and disappointing, inthe U.S. pediatric popu-
lation, thisreduction translatesinto very large numbers (i.e., 1.2
million of 20 million cases of otitis per year) on ascalethat could
reduce healthcare costs by $300 to 500 million annually. One

disconcerting finding associated with the Finnish trial was an
approximately 30-percent increase in nonvaccine-type pneumo-
coccal disease. This represents the first time anyone has shown
replacement disease (as opposed to carriage) following the use
of apneumococcal conjugatevaccineinaclinical trial.

Unpublished efficacy data have been provided recently for a
third large-scaleclinical tria inwhich 40,000 infants from South
Africawere randomized to receive either aplacebo or a9-valent
pneumococcal conjugate vaccine manufactured by Wyeth-
Lederle. The results demonstrate an efficacy for vaccine-type
pneumococcal invasive disease of approximately 85 percent and
58 percent for infantswho are HIV negativeand HIV positive,
respectively. Radiographic pneumoniawith consolidation re-
vealed efficacies of 22 percent and 6 percent for infantswho are
HIV negativeand HIV positive, respectively.

Several potential pneumococcal vaccine candidates are currently
under investigation, including conjugate vaccines that incorpo-
rate different carrier proteins from the standard diphtheria and
tetanus toxoids, such as surface protein D isolated from a strain
of nontypeable H. influenzae.

Other pneumococcal antigens, such as pneumococcal surface
protein (Psp)A and PspC, autolysin, pneumolysin, hyaluronate
lyase, pneumococcal surface antigen A, choline binding protein
A, and several neuraminidase enzymes, also are being consid-
ered as potential vaccines or drug targets. Highly conserved
versions of these protein-based vaccines may offer a greater
degree of protection against invasive and noninvasive forms of
pneumococcal disease either alone or in conjunction with other
protein/enzyme vaccines, the licensed pneumococcal conjugate
vaccine, or the capsular polysaccharide vaccines. For example,
PspA has been shown to elicit antibodies in mice that protect
against achallenge 100 timesthe minimal lethal dose (LD, ).
Passive protection experiments with these antibodies al so pro-
tect, suggesting a significant role of this protein in the patho-
genesis of disease. The protein-based vaccines also may pro-
vide amore comprehensive approach to dealing with S,
pneumoniae by stimulating broader antibody responses, includ-
ing mucosal immunity, to the various 92 serotypes associated
with the organism. With thisin mind, it is possible that these
protein vaccines may improve the ability of
immunocompromised populations (e.g., HIV patients, diabetics,
organ transplantation patients, sickle cell disease patients) and
the elderly, particularly the chronically ill and nursing home
populations, to respond more vigorously to pneumococcal
antigens. Because pneumococcal disease has a three- to tenfold
increased incidence in Native Americans, Alaska Natives, and
African Americans of all age groups compared to Caucasian
populations, efforts to improve the vaccination status of these
ethnic/minority groups are ongoing.

One area of particular concern following the use of conjugate
pneumococcal vaccinesin children isthe reported increasein
nasopharyngeal carriage of and disease from nonvaccine sero-
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types of pneumococci. There are preliminary datato indicate
that candidate protein vaccines most likely will contribute sig-
nificantly to eliminating and/or controlling replacement sero-
types, observed following the use of conjugate vaccines such
as Prevnar t-éspecially in cases of otitis media.

Additional exciting data have demonstrated that intranasal im-
munization with pneumococcal antigens can lead to protection
against pneumococcal disease, and more importantly, against
pneumaococcal carriagein the nasal passages of mice. Thisdis-
covery may be critical to the eventual control of pneumococcal
disease. Pneumococci are spread by person-to-person contact.
They are found in the nasal passages of between 10 and 50
percent of humans, depending on age and health status, with
children generally being the primary reservoir. In most cases,
carriage does not result in disease, but in some cases the pneu-
mococci invade from the nasal tissue to cause pneumonia, ear
infections, eye infections, or meningitis. Vaccines that could
prevent carriage would be able to prevent the spread of pneumo-
cocci and ultimately its ability to causes disease.

For reasons not well understood, the overwhelming majority of
penicillin-resistant, multidrug-resistant S. pneumoniae isolates
express a select few of the 90 different capsular types associated
with the pneumococcus. These capsular types are predomi-
nantly 6B, 9V, 14, 19F, and 23F. Therestriction of these danger-
ous drug-resistant bacteria to such a few serotypes raised the
hopes that appropriate conjugate vaccines, which include these
few serotypes, could corner the most dangerous strains of S
pneumoniae. Recent work led to the discovery of how resistant
bacteria could break out of this corner. The process involves the
transfer of DNA molecules containing genetic determinants of
new capsular types from multidrug-resistant strains to strains
containing different capsular polysaccharides. In arecent out-
break of multidrug-resistant pneumococcal disease anongAIDS
patientsin New York, amost unusual phenomenon occurred—
the appearance of awidely spread multidrug-resistant pneumo-
coccal strain that usually expresses the 23F capsule, but this
time, in these isolates, acquired the capsular type 3. The bacte-
rium was resistant to all the useful antibiotics currently used
against pneumococci except vancomycin. A simpletest, using a
mouse model, showed that these capsular type 3
“transformants’ of the multidrug-resistant pneumococcus have
increased their virulence capacity more than amillionfold over
that of the same bacterium when it carries the usual 23F capsule.
Wide-scale deployment of pneumococcal vaccines may produce
a selective pressure for this type of capsular switch among
clinical isolates. The above finding emphasi zes theimportance
of increased international surveillance for resistant pneumo-
cocci.
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TETANUS

Despite long-established and effective vaccines for tetanus,
childhood and neonatal tetanus remain significant worldwide
problems. A more simplified approach for immunizing children
could greatly facilitate the delivery of these vaccines, decrease
thebarriersto immunization, and improve immunization rates.

Oneinteresting area that has shown great promise is the use of
the skin as a mechanism for the delivery of vaccines. Transcuta-
neous immunization (TCI) involvestheintroduction of antigens
along with an adjuvant using atopical application to intact skin.
This new technology offers many advantages over parenteral
injections, such as eliminating the risk of needle-borne diseases
and reducing the complications related to physical skin penetra-
tion.

Investigators are developing severa novel approaches for the
delivery of vaccines viathe skin. One approach involvesincu-
bating expression vectors with the outer layer of skinina
noninvasive mode. Noninvasive vaccination onto the skin
(NIV'S) requires no needleinjections and no specially trained
personnel. These investigations have demonstrated that topical
application of an adenovirus vector encoding either the tetanus
toxin C-fragment (tet-C) or theinfluenzaA virus hemagglutinin
(HA) by using apatch could elicit specific humoral immune
responses against either tet-C or HA in rodents and nonhuman
primates. Subfragments of the antigen DNA can befound in
other areas of the skin or in deep tissues after localized gene
delivery by a patch. Results suggest that a transient but produc-
tive wave of antigen expression within the outer layer of skin
may be able to broadcast specific signals to activate the immune
system. In addition, data have been presented indicating that
animals with preexposure to adenovirus can till be vaccinated
by adenovirus-mediated NIV S. It is conceivable that anti-aden-
ovirusimmunologic components may not be able to reach the
surface of the skin in sufficient quantities for counteracting
applied vectors. These studies suggest that vaccines may be
inoculated by simply applying a“vaccine patch” containing
concentrated adenovirus recombinants that encode specific
antigens. The patch would be applied to the outer layer of skin,
which isaconvenient target site and an immunocompetent area
for the delivery of vaccines. The possibility of eliciting specific
immune responses after the delivery of noninvasive vaccines
provides the impetus for trandlating patch-based, noninvasive
vaccination into routine vaccination programsin awide variety
of clinical settings.

Another approach in the development of this technology in-
volvesthe use of choleratoxin (CT), which, when applied to the
skin surface, acts as an adjuvant for the coadministered antigens
diphtheriatoxoid and TT. The observation that CT placed on the
skin in asaline solution could induce a potent anti-CT response
suggests that CT might act as an adjuvant for coadministered
proteins on the skin. Studies are now in progress to determine
the optimal dose and concentration of diphtheria and tetanus
antigensrequired for TCI, the optimal ratio of antigen to adju-

vant, and whether coadministering various antigens with CT
interferes with the immune response to each individual compo-
nent. One interesting and recent study in sheep found that the
concurrent administration of CT (adjuvant) with TT delivered
transcutaneously could induce specific systemic antibody re-
sponses to both antigens, whereas mucosal 1gA antibody re-
sponses were absent. Thisisin contrast to the results observed
following anintramuscular immunizationwith TT with alum
where systemic antibody levels were higher and mucosal 1gA
responses were observed.

Other novel antigen delivery systems have been developed in
recent years, including a new technique of antigen encapsula-
tion that renders antigens, formerly ineffective when adminis-
tered orally, into potent immunogens. This new encapsulation
process avoids the use of organic solvents, protects the anti-
gens during their passage through the stomach, and releases the
antigensin a“burst” into the small intestine. With the aid of
certain excipients, antigen presentation to Peyer’s patchesin
sufficient quantity results in a vigorous immune response that is
comparable to that produced by a parenterally administered
antigen with an adjuvant such as alum. Numerous successful
oral immunization studies have been carried out in micewith a
number of antigens encapsulated by this new technique. In
atopic humans, an encapsulated allergen (i.e., short ragweed
extract) has been administered orally and induces significant
immune responses.

Mice given three doses orally of encapsulated TT on DaysO0, 1,
and 2 demonstrated an increase in the anti-TT antibody re-
sponse after the primary immunization, and asignificant anam-
nestic response following a boost with the encapsulated vaccine
on Days42, 43, and 44. Ragweed-sensitive patients, who re-
ceived escalating or maintenance daily doses for up to 8 weeks,
responded with aremarkableincreasein allergen-specific 1gG
that was similar to the immune response observed with high-
dose, long-term, subcutaneously administered allergen. No
toxicity was observed among the volunteers.

A phase /1l clinical trial with the encapsulated TT has been
completed in healthy adults with prevaccine anti-tetanus anti-
body titers <2 |U/ml. The objectives of this study were to show
that the encapsulated antigens can elicit a booster response in
humans and to compare the immune response following oral
immunization to that obtained with standard intramuscul ar immu-
nization with TT. There were no serious adverse events that
appeared to be associated with the microencapsulated, TT mate-
rial in normal healthy adults. Anti-TT antibody responses, as
measured by aneutralizing antibody assay, were minimal and not
significant at all dose levelstested. As expected, most individu-
alsimmunized with dT vaccineintramuscul arly responded rap-
idly with significant increased titersto both antigens. It islikely
that asingle oral administration of the microencapsulated vac-
cine may not be sufficient to stimulate the mucosal immune
response. In addition, it may be necessary to alum adsorb the
tetanus antigen to make it moreimmunogenic.
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Other projects designed to produce a needle-free tetanus immu-
nization have involved the use of an adenovirus recombinant
carrier encoding theimmunogenic but nontoxic tetanustoxin C-
fragment. The use of asingle dose administered either intrana-
sally or by an epicutaneous patch can provide 100-percent and
80-percent protection, respectively, against alethal challenge of
live Clostridium tetani. The use of needle-free approaches for
vaccinating against tetanus can provide a very safe, cost-effec-
tive, and compliant-friendly way to protect the public, especially
in developing countries, against this deadly disease.
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TUBERCULOSIS

Despite significant advances in tuberculosis research and treat-
ment strategies worldwide, tuberculosis remains one of the
leading killersin infectious diseases. Failure to eradicate tuber-
culosisworldwide is attributable to anumber of factors, includ-
ing insufficient public health infrastructure; poverty;

homel essness; crowding; drug abuse; and the HIV coepidemic,
which not only speeds up the pathogenesis of tuberculosisin

HIV-infected patients, but significantly increases the chance for
conversion of asymptomatic Mycobacterium tuberculosis infec-
tion to active tuberculosis. Infection with M. tuberculosis, in
most cases, results in an asymptomatic col onization with the
bacterium, whichis controlled by theimmune system (latent or
persistent infection). Weakening of the immune system can
result in reactivation of bacterial growth and progression to
active tuberculosis. Development of effective vaccinesto pre-
vent either primary infection with M. tuberculosis or progression
to activediseaseremainsapriority for NIAID. In 1998, the U.S.
Department of Health and Human Services Advisory Council for
Elimination of Tuberculosis(ACET), U.S. National Vaccine Pro-
gram Office, and NIAID of NIH convened aworkshop to de-
velop a national strategy and research plan for the development
of effective vaccines against tuberculosis, the Blueprint for
Tubercul osis Vaccine Development.

Despite available chemotherapy to treat tuberculosis effectively
and prevent death by this disease, the duration of treatment (6
to 9 months), and drug-related adverse events frequently lead to
noncompliance and treatment failures, which in turn often result
in the development and spread of drug-resistant tuberculosis. A
combination of active case finding, drug treatment viadirectly
observed treatment short course (DOTS), and vaccination is
considered the most effective means by which tuberculosis
could be eliminated as a global public health burden.

The only currently available tubercul osis vaccine, Mycobacte-
riumbovis BCG, was developed almost 100 years ago. Despite
itslack of consistent efficacy to prevent adult pulmonary tuber-
culosis, this vaccine is used worldwide and protects to a reason-
able degree against disseminated tuberculosisin infants.

Changesin thisResearch Areain 20 Years

Until the early 1980s, tuberculosisin the United States had been
steadily declining. A sudden increase in new cases was reported
between 1986 and 1992, followed once again by adecline. It was
realized that this resurgence of tuberculosis was attributable
largely to adeteriorating public health infrastructure and was
also coincident with the HIV epidemic. In 1993, tuberculosiswas
declared aglobal health emergency by WHO. Subsequent to
these events, research funding and interest in this disease in-
creased steadily, and significant advances have been madein
the understanding of tuberculosis immunology and vaccinology.
During the past 10 years, anumber of global organizations,
including NIH, have increased significantly their financial sup-
port for tubercul osis research and vaccine devel opment. NIH
alone hasincreased funds for tubercul osis research from $3.6
million per year in 1991 to $56 million per year in 2001. The Euro-
pean Commission’s Tubercul osisVaccine Cluster, acollabora-
tion between academic and industrial entities, has dedicated EU
5 million for research to better understand tubercul osis vaccine
efficacy, aswell asto develop and evaluate preclinical vaccine
candidates. Action TB, an international open research collabora-
tion establishedin 1993 and coordinated by GlaxoSmithKline,
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hasalocated £20 million from 1993 to 2003 to fund trand ational
tuberculosis research programs, including the identification and
development of vaccine candidates and surrogate markers of
protection. The Bill and Melinda Gates Foundation has contrib-
uted $20 million to research leading to the devel opment of an
effective new tubercul osis vaccine (2000 to 2005).

BCG WACCINATION HAS BEEM GIVEN TO MILLIDMS

AL thi and of the war a campalgn was startad o giva BOG
waCccination o paopla threatanad by tubarculosis. This work
i= still godng on in many countries with assistanca from
WHO and LINICEF. Menaty million hava baan vaccinabad,

3
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Research in vaccine devel opment was especially boosted in
recent years by the publication of the complete sequence of the
M. tuberculosis genome, aswell as by the availability of genetic
toolsthat allowed production of recombinant mycobacterial
strainsto aid in vaccine devel opment and evaluation.

Overdl, significant efforts have been made to understand and
reevaluate BCG field trialsworldwide and to understand the
cause(s) of varying efficacy for thisvaccinein different popula-
tions and geographic areas. This interest led to the development
of advanced animal models of M. tuberculosisinfection in an
attempt to mimic more closely human diseasein animalsand to
possibly predict vaccine efficacy from animal studies. From
these experiments, it became clear that the pathogenesis of
tubercul osis varies among different animal models of infection

and disease and that anumber of immunological factors modu-
late disease outcome after infection with M. tuberculosis.
Through the
development o
and refine-
ment of these
models,
which now
extend from
rodents (mice
and guinea
pigs) to rab-
bits and
nonhuman
primates,
researchers
continue to
gain insight : 2
into immuno-
logical fac-
tors that are
involved in the development of active disease versus asymp-
tomatic, controlled infection. This enhanced understanding of
small animal models of tuberculosis has enabled the testing of
more than 170 potential vaccine candidates over the past 5to 10
years. These potential candidates comprise a number of vaccine
classes: Recombinant BCG and live-attenuated M. tuberculosis
strains, various other live vectors (bacterial and viral), subunit
vaccines, DNA vaccines, and approaches to improve upon the
use of BCG through adjunctive immunotherapy and prime-boost
strategies. BCG isusually administered onceearly inlife. How-
ever, since the protective efficacy of BCG appearsto diminish
with time, investigations are underway to determine whether
alternative routes of administration and/or revaccination or
boosting with protein antigens would reactivate immunological
memory and prevent reactivation disease. Since about one-third
of the world's population isinfected with M. tuberculosis, and
many of these individual s also received childhood BCG vaccina-
tions, this strategy may prove critical in the prevention of dis-
ease progression from asymptomatic infection, especialy in
areaswherethereisahigh prevalence of HIV co-infection.

M. farbercalasiy
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Genome for M. Tuberculosis

Several candidates that appear to protect against virulent M.
tuberculosisin small animal modelsequally well or better than
BCG are being prepared to enter early human clinical trials.
Theseinclude arecombinant BCG vaccine expressing the 30 kD
major secretory protein of M. tuberculosis, Ag85B; afusion
protein composed of immunodominant M. tubercul osis pep-
tides; a multi-epitope subunit vaccine/adjuvant combination;
and a boost strategy using Ag85A expressed from aviral vector
after primary BCG vaccination.

Most Significant Scientific Advancesin
Tuberculosis Vaccine Resear ch

The most significant scientific advances in tubercul osis vaccine
research include the devel opment of genetic tools in mycobacte-
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ria and the sequencing of the M. tuberculosis genome. These
advances, combined with the devel opment of advanced animal
models, allow targeted selection of candidate genes, creation of
mutant mycobacterial strains, and evaluation in vivo. Recently,
this research was further augmented through the establishment
of the Structural Genomics Consortium, funded by NIH and led
by LosAlamos National Laboratory, whose goal isto determine
the three-dimensional structure of more than 400 M. tuberculosis
proteins. Advances toward a more thorough understanding of
tuberculosisimmunol ogy are also enabling amore detailed re-
evaluation of the varying efficacy of BCG. From this, hypotheses
have emerged asto the parameters that may be important in
protection against tuberculosis. These hypotheses have guided
strategiesto arrive at avaccine superior to BCG. The current
efforts have culminated in the first set of candidate vaccinesto
enter humantrialssince BCG wasintroducedin 1921.

BCG Tice (Organon, Inc.) islicensed, but not recommended for
inclusion in tubercul osis vaccination and control programsin
the United States. Worldwide, avariety of BCG strainsare avail -
ableand widely delivered under the Expanded Programme on
Immunization (EPI) asantitubercul osisvaccines.

Several tuberculosis vaccine candidates are scheduled to be
evaluated in humanswithin the next few years. One, aBCG-
prime/modified virusAnkara (MVA)-Ag85 boost strategy is
about to enter phase | testing in the United Kingdom. Others, as
noted above, should enter early human testing within the next 1
to 2 years. Strategies to develop immunotherapeutic adjuvants
havealso resulted in clinical trials. For example, Mycobacterium
vaccae has been administered as an adjunct to regular chemo-
therapy in several recent trials and is currently under study in
HIV-infected individualsin Tanzania.

Challengesfor the Development of a Vaccine
for Tuberculosis

The mgjority of research toward new and improved vaccines has
only occurred during the last decade. Hence, little historical
experience in tubercul osis vaccinology is available that can be
used as guidance for the devel opment or improvement of new
tuberculosis vaccines. Although, and largely because, tubercu-
losis vaccine research has made tremendous advances over the
last 10to 15 years, anumber of critical questionsare arising
whose answers should remarkably speed tuberculosis vaccine
development:

e What isthe basis of asymptomatic colonization (or latency,
persistence) and what does it mean from the standpoint of
bacterial physiology and host response? To answer this
question, improved animal modelsthat specifically mimic
latency as seen in humans, or aternatively, strategiesto
derive relevant answers from human tissue need to be
developed.

Types of Vaccine Candidates
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e What factors can serve as markers of immunoprotection in
humansto allow assessment of immunogenicity in clinical
trials? Only with the aid of datafrom human vaccinetrials
will researchersbe ableto refine animal modelsand identify
what immune parameters need to be established for further
vaccine devel opment. For these reasons, it is critical that
vaccine candidates are quickly evaluated for safety and

efficacy in human trials, and any subsequent findings used
to devise more targeted vaccine strategies.

» What isthe importance of co-infections and comorbidity in
patients at high risk for M. tuberculosis infection and
progression to active disease? Will avaccine that was
developed in laboratory animals be effective in these real -
life settings?

e What role will diagnostics play in the devel opment of
tubercul osis vaccines? Since delayed-type hypersensitiv-
ity (DTH) testing isnot areliable measure of infection or
cure, identification of the appropriate patient population
remains a challenge. For this reason, diagnostics devel op-
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ment needsto remain closely coupled with immunology
and vaccinology research to produce, in parallel, essential
tools for the successful conduct of clinical evaluation of
candidate vaccines.

e How doesBCG work inchildren? Thisisacurrently
understudied but important aspect of vaccine develop-
ment. Littleisknown about general or tubercul osis-specific
differencesinimmune response and vaccine efficacy
among infants, children, and adults. It is recognized that
tuberculosis presents clinically quite differently in young
children than in adultsand that BCG efficacy differs
significantly in these populations.

e Sinceit will not be ethical to conduct a placebo controlled
clinical trial with an experimental vaccine, what treatment
regimenswill the patient populations receive during this
trial? How will thisinfluence the ability to assess efficacy
of the vaccine or even the outcome measures of the trial ?
How can effectual studies be designed to minimizethe
sample size and study duration? Who will fund such
challenging and time-consuming studiesand commercialize
avaccine? At the stage of clinical evaluation, thereisa
large number of challengesthat will influence the design of
efficacy trialsin humans.

e Can atuberculosis vaccine be developed for and safely
tested in HIV-positive patients?

NIAID-Supported TuberculosisVaccine
Research

To answer the above questions, NIAID is funding not only
investigator-initiated research, but solicited research on tubercu-
losis immunology, pathology, pathogenesis, vaccine devel op-
ment, target antigen identification, diagnostics, development of
improved tools for epidemiological studies, and devel opment of
markers of immunoprotection. Additionally, the aforementioned
Structural Genomics Consortium will determinethe structure of
more than 400 M. tubercul osis proteins through national and
international collaborations and make the resulting data avail-
ableto the research community.

NIAID’s Tubercul osis Research Materials and Vaccine Screen-
ing Contract provides high-quality research reagents and vac-
cinetesting servicesin small animal modelsto researchers
worldwide. NIAID’s Tubercul osis Research Unit and vaccine
testing and evaluation units provide clinical trials infrastructure
for vaccine evaluation and establishment of surrogate markers of
protection nationally and internationally. A recent request for
proposals seeks to establish contract resources for vaccine
platform devel opment.

Despite the many challenges remaining in tubercul osis vaccine
development, a new sense of optimism is permeating the tuber-
culosis research and public health communities as recent re-
search advances result in novel vaccine candidates entering
humantrias.
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Jordan Perspective: Acellular Pertussis Vaccines

The effort to develop an improved pertussis vaccine was
associated with very turbulent times that should be remem-
bered best for the fact that four such vaccines were licensed
inthe United States. They also will be remembered for leading
to the creation of the National Childhood Vaccine Injury Act
and for the splendid cooperation of Japanese and Swedish
scientists. The effort also required perhaps the greatest
amount of intercontinental air travel of any foreign vaccine
trial to date. Dr. David Klein, the responsible program officer,
made 36 tripsto Swedenin 7 years. | am indebted to him for
providing notes and comments regarding the following se-
guence of events (1).

Bordetella pertussis was isolated and so named in 1906 by
French bacteriol ogists Jules Bordet and Octave Gengou who
developed thefirst vaccinein 1912. Twelveyears|ater,
Thorvald Madsen reported some evidence of protection by
crudewhole-cell vaccines, and in 1942, Pearl Kendrick and
colleagues at the Michigan Department of Public Health
developed a combination diphtheria-tetanus-pertussis vac-
cine (two toxoids pluswhol e cells). Whole cell vaccine was
licensed inthe United Statesin 1948, with licensure of diph-
theria and tetanus toxoids and whole-cell pertussis (DTP)
vaccinefollowing ayear later. | still remember the name of my
childhood friend who had whooping cough, but most people
forgot how severe the disease is because immunization with
DTP decreased the reported number of casesin the United
Statesfrom more than 265,269in 1934 t0 1,010in 1976, the
year | cameto the National Institutes of Health (NIH). The
public became increasingly aware of the adverse reactions to
DPT attributed to the whole-cell vaccines, and began to reject
the vaccine despite the continuing circulation of the bacte-
rium. Neither infection nor immunization provideslifelong
immunity (2). Electing to risk disease rather than accept immu-
ni zati on, antivaccine movementsincreased in Japan, Sweden,
Britain, Italy, and other countries (3).

Whole-cell vaccine usage was discontinued in Japan and
Great Britainin 1974-1975; pertussis morbidity and mortality
returned. To address some of the issues, an international
Symposium on pertussis to examine the risk-to-benefit ratio of
whole-cell vaccination washeld at NIH on November 1-3,
1978. Sweden discontinued immunization for pertussisthe
next year. In Japan, before the National Institute of Allergy
and Infectious Diseases (NIAID) had listed “ subcellular
antigen” of pertussis as being in early development (see
Table 3in “History and Commentary”), scientists had devel-
oped an acellular vaccine and instituted routine administra-
tion of it to children 2 years of age and older in 1981 (4).
Somehow, | missed the fact of this early use even after | met
two scientists Drs. Hiroko and Yugi Sato who participated in
the development of the acellular vaccine at the Japanese

National Institutes of Health (5) and wereworking in the
laboratory of Dr. Charles Manclark of the Food and Drug
Administration (FDA) when the need for an acellular vaccine
for usein the United States became dramatically apparent.

Thishappened in 1982 when aWashington, DC, affiliate of
NBC aired“ DTP: Vaccine Roulette.” Therefollowed thefor-
mation of Determined Parents Together (DPT) by Barbaral.oe
Fisher, aconcerned Virginiaparent. NIAID responded the
next year by issuing acall for proposals for development of
an acellular vaccine and contracted with the Michigan De-
partment of Public Health to do so. By 1984, vaccine manufac-
turerswere overwhelmed with litigation; only two were still
marketing whole-cell vaccine. In 1985, the publication of the
book DTP: A Shot inthe Dark by medical historian HarrisL.
Coulter and Ms. Fisher provided some personal insight into
the problems associated with the use of DTP vaccine. Con-
gressional hearings began on the National Childhood Vaccine
Injury Act coauthored by DPT and the American Academy of
Pediatrics. A public health service interagency pertussis sub-
committee wasformed, and asmall working group from this
subcommittee visited Japan to learn of its experience with
acellular pertussis vaccines. NIAID broadened a contract
with the National Bacteriology Laboratory of Sweden to un-
dertake an efficacy trial of two Japanese-produced acellular
vaccinesin infants.

Unfortunately, the Michigan Department of Public Health,
with advice from FDA staff and the Sato’s, was unable to
produce a satisfactory acellular vaccine. Fortunately, the
public health service subcommittee successfully negotiated
with two Japanese manufacturers, BIKEN and Takeda Chemi-
cal Industries, Ltd., to provide vaccines for the Swedish trials.
These companieswould eventually collaborate with U.S.
vaccine manufacturers to produce diphtheria and tetanus
toxoids and acellular pertussis (DTaP) vaccine—Japanese
acellular pertussis combined with U.S. diphtheria and tetanus
toxoids. Thefirst trial to get underway in Sweden in 1986
compared pertussistoxin (PT) with PT plusfilamentous he-
magglutinin (FHA). They were 54 percent and 69 percent
efficacious, respectively. This same year, Congress passed
the National Childhood Vaccine Injury Act and mandated
NIAID to accelerate development and testing of new candi-
date acellular vaccines with the goal of licensure.

In 1989, NIAID sought candidate vaccinesfrom manufactur-
ersfor phase /11 trials. Nine manufacturersin 5 countries
submitted 13 acellular vaccines. Sample lots were sent to the
FDA's Center for Biologics Evaluation and Research to be
tested for purity, and amulticenter trial was conducted at six
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Laboratoriesin Stockholm and the Institute Superior of Sanita
in Rometo perform phaselll efficacy trialswith vaccines
selected after the phase I/11 trials. All of the vaccineswere
trivalent-DTaP. But not all acellular (aP) componentswerethe
sameinthetrialsthat followedinItaly (7), Sweden (8), and
elsewhere. B. pertussis, acomplex organism, consists of many
parts, most of which seem to be antigenic: PT, FHA, three
types of agglutinogens (AGGs), and pertactin (PRN). Since
extensivetrials established no firm correlate of protection,
vaccine manufacturers have successfully licensed products
with only asingle acellular component, PT (9), to as many as
five. They aretabulated below:

INFANRIX™{ Certiva 1

Company | Wyeth-Lederlet [ Connaught/Aventig** | SKB/GSK NAV/Baxter<*

Product | ACEL-IM UNEErTripedial:'

Licensed | December 1991 | August 1992 January 1997 | July 1998
Antigens
PT + + + +
FHA + + +
PRN +
AGG2 +
AGG3

*  Combined with Haemophilus influenzae type b (Hib) conjugate to make Tetramunel;-Hcensed March 1993
**  License withdrawvn 2001
** Efforts are underway by this company to license a vaccine with all five pertussis components
with or without Hib and inactivated poliovirus (IPV)
GSK = GlaxoSmithKline
SKB = SmithKline Beecham
NAV = North American Vaccine

There are two other items of interest. First, continued use of
whole-cell vaccinein the United States caused the pertussis
disease burden to be too low to assess vaccine efficacy in
the United States. In Italy and Sweden, disease rates were
high, and officialswereinterested in participating in trial s of
less reactogenic vaccines. But controversy arose over why
studies of vaccines that would eventually be used in the
United States needed to be conducted abroad. Responsible
agenciesin all countries allowed the studies to continue.
Today, the experimental human immunodeficiency virus (HIV)
vaccines developed in the United States are being tested
abroad in many countries. Second, Dr. John Robbins of the
National Institute of Child Health and Human Devel opment
(NICHD), convinced that PT was the essential and only anti-
gen needed, negotiated with other Swedish investigators in
Goteburg (9) to test a DTaP vaccine produced by NAV con-
taining only diphtheria and tetanus toxoids. Its efficacy was
71 percent and it was licensed as CertivaQ in July 1998.
Within ayear, NAV was absorbed by Baxter, and thelicense
was soon withdrawn. The other vaccines had shown effica-
cies ranging from 84 to 90 percent, and it had been suggested
that physicians would favor vaccine with multiple pertussis
antigens.

Vaccines with acellular pertussis antigens have not been
associated with serious adverse events, although booster
doses induce more intense, but not troublesome, local reac-
tions.

Timefrom use of acellular vaccinein Japan: 10 years. Time
from expressed need for improved vaccine in the United
States: 9 years.

Thefinal chapter in this sagais now being written. Because
endemic disease occursin adultsin populations in which
pertussisis controlled by immunization, a study was begun in
1996 to characterize the epidemiology and clinical spectrumin
adults and adolescents and to determine the duration of
efficacy and immunity regarding acellular pertussisvaccines.
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Jordan Per spective: Influenza VVaccine

Although the 1918 to 1919 pandemic of influenza near theend
of World War | had increased attempts to culture the pre-
sumed causative virus, success awaited the use of the living
chicken embryo. 1n 1933, Smith, Andrewes, and Laidlaw (1)
reported the growth of the first virus, which became influenza
A. 1n 1934, Francis (2) reported the transmission of avirus
shown to be asecond type, influenzaB (3). Influenza C has
since been shown to infect man, but is not a significant
pathogen. Many animals—notably fowl, horses, and pigs—
harbor, transmit, and are madeill by these viruses. All of
these viruses are classified by their two surface proteins—a
hemagglutinin (HA) that agglutinates erythrocytes, and a
neurominidase (NA) that elutesthe virusfrom cells. The
ability to manipulate these two surface antigens has made
possible the development and updating of live, attenuated
influenzavaccine.

Influenza viruses are negative strand RNA viruses with a
segmented genome. Segment four encodes the HA, and
segment six encodes the NA. Mutation of these segments,
particularly the HA, is occurring constantly, producing new
antigenic variants. On occasion, co-infection of cellswith a
human and an animal virus may lead to the swapping of HA
segments and result in anew, more virulent strain. Use has
been made of the propensity of influenza virus to swap gene
segments to design a live vaccine as a possible substitute for
the currently used inactivated vaccine.

Such avaccine—whole virus harvested from allantoic fluid,
concentrated, and inactivated with formaldehyde—was first
used with success by Francisto immunize U.S. forces during
the early 1940s (4). Disruption of the viral particlesand other
purification procedures in subsequent years reduced the
reactogenicity of the injectable vaccine, improving its uptake.
Asnew HAs are detected by worldwide surveillance, new
strains are substituted for old ones. Currently, the vaccine
includestwo A strains—H,N, and H,N,—and one B strain. It
is most effective in young and middle-aged adults, and less
effectivein young children and the elderly.

Studies in the Francis laboratory of the School of Public
Health at the University of Michigan were funded in the
1940s and for anumber of yearsthereafter by the U.S. Army
through the Board for the Investigation and Control of Influ-
enzaand Other Epidemic Diseasesin the Army, the forerunner
of the Armed Forces Epidemiological Board (AFEB). Dr. Jonas
Salk was amember of the laboratory staff who participated in
the development of the inactivated vaccine. He later moved
to the University of Pittsburgh where he used the same meth-
odology to develop inactivated polio vaccine, the efficacy of
which was demonstrated in the 1954 field trial coordinated by
Dr. Francis.

Another member of the Francislaboratory isDr. H. F.
Maassab, whose work has been supported since 1976 by the
National Institute of Allergy and Infectious Diseases
(NIAID), work that made liveinfluenzavaccines possible (5).
First withinfluenzaA (A/Ann Arbor/6/60) and then with
influenzaB (B/AnnArbor/1/66), he attenuated wild-type
viruses by serial passage at successively lower temperatures
(cold adapted) until they were no longer virulent in ferrets.
These became master donor strains whose six internal genes
maintained the attenuation characteristic, and whose HA and
NA gene segments could be replaced by reassortment with
those segments from newly emergent wild-type strains. Dr.
Maassab has been able to do this repeatedly, creating live
vaccines that matched the composition of the inactivated
vaccine for a given season.

Since 1976, cold-adapted influenzavirusvaccines (CAIVS)
based on Maassab’s donor strains have been tested in clini-
cal trials conducted by NIAID scientists and others. Dr. Brian
Murphy, of the NIAID Laboratory of Infectious Diseases,
and associates studied intranasal installation of CAIV (6) and
found that the vaccine was highly protective in adult and
pediatric volunteers who were given the vaccine and then
challenged withinfluenza (7). Inclinical trialssince 1993
cosponsored by Wyeth-Ayerst Research and NIAID, CAIVs,
including monovalent and bivalent type A vaccine, monova
lent type B vaccine, and trivalent vaccine, have been admin-
istered to more than 8,000 subjects whose ages ranged from 2
monthsto more than 100 years. In 1995, Aviron, as part of a
Collaborative Research and Development Agreement
(CRADA) with NIAID and alicensing agreement with the
University of Michigan, initiated aclinical trial of acold-
adapted trivalent influenza vaccine, FluMist [_Tlhe results of
thismulticenter, placebo-controlled trial in children 15to 71
months old were most impressive (8). Thelive vaccine was
stored frozen at -20°C before being thawed. A spray applica-
tor was used that consisted of a syringe-like device that was
calibrated and divided for delivery of two 0.25 ml-aliquots
(one per nostril) asalarge particle spray for atotal delivered
volume of 0.5 ml of vaccine or placebo. One dose was admin-
istrated to 288 children; two dosesto 1,314 children, 60 days
apart. The vaccine efficacy was 93 percent against culture-
confirmed influenza. The one-dose regimen (89 percent) and
the two-dose regimen (94 percent) were protective, and the
vaccine was efficacious against both strains of influenza
circulatingin1996-1997, A (H,N,) and B. Theimmunized
children had significantly fewer febrileillnesses, including 30
percent fewer episodes of febrile otitis media. FluMist [Calsb
has been tested in adults, including some infected with hu-
man immunodeficiency virus(HIV). A licenseapplicationis
under review by the Food and Drug Administration (FDA).
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Time from cold-adapted master donor strains: + 20 years.
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Jordan Per spective

This story beginswith theidentificationin 1917 by Dochez
and Avery (1) of the specific soluble substance elaborated by
the pneumococcus, and subsequent studies of the substance
by Avery and Heidelberger (2). In 1927, Schiemann and
Casper (3) demonstrated that the substance was immuno-
genicinthemouse. Threeyearslater, Francisand Tillett (4)
reported the induction of antibodies in humans. The protec-
tive polysaccharide antigen had been identified.

A number of vaccinetrialsfollowed, the largest being one of
abivalent (types 1 and 2) vaccine given to more than 40,000
malesinthe Civilian Conservation Corpsin thelate 1930s.
The resultswere inconclusive. During World War |1, pneumo-
coccal pneumoniabecame aproblem at an Army air basein
Sioux Falls, South Dakota. Fortunately, Dr. Heidelberger had
continued his studies and was able to provide purified type-
specific vaccines for the predominant types identified by a
carrier survey. This classic study demonstrated that immuni-
zation of humans with type-specific capsular polysaccharides
of selected pneumococcal types (1, 2, 5, and 7) was effective
in preventing pneumonia caused by those types. Of equal
interest was the observation that immunizing 50 percent of
the population greatly reduced in nonimmunized subjects the
incidence of pneumonia caused by the vaccine types (5).

E. R. Squibb and Sonsthen developed and marketed two six-
valent pneumococcal capsular polysaccharide vaccines, one
vaccine for use in adults, the other for use in children. These
vaccines never gained widespread acceptance. Physiciansin
the early 1950s chose to rely on new antimicrobial agentsto

treat bacterial pneumonia, rather than on prevention through

- Pneumococcal Vaccine

immunization. In 1954, therefore, Squibb terminated its pro-
duction of pneumococcal vaccine. The Biologics Control

L aboratory of the National Microbiological Institute, Na-
tional Institutes of Health, withdrew without prejudice
Squibb’s license to produce these vaccines, and Squibb
subsequently abandoned all of its pneumococcal vaccine
research and development programs. Perception of the need
for the development of a pneumococcal polysaccharide vac-
cinegenerally diminished until Dr. Robert Austrian produced
data showing that despite antibiotic treatment, the mortality
rate for bacteremic pneumococcal pneumoniawasstill high
(6). In 1967, the Infectious Diseases Advisory Committees of
the National Institute of Allergy and Infectious Diseases
(NIAID), of which | had just become amember, recommended
to Dr. Dorland Davis, the institute’s director, that funds be
provided for the research and development of pneumococcal
vaccine. NIAID contracted with Eli Lilly and Company to
develop an experimental polyvalent polysaccharide vaccine
to be tested by Dr. Robert Austrian and other investigators.
In 1976, 13 years after hisfirst report to the Association of
American Physicians, Austrian informed that group of the
convincing results obtained in a population of novice gold
minersin South Africa(7).

Just asEli Lilly’s vaccine was being shown to be effectivein
South Africa, the company made a corporate decisionin 1975
to stop producing it. Fortunately, Merck Sharp & Dohme
intensified its efforts to devel op a pneumococcal vaccine.
Merck, with Dr. Maurice Hilleman leading its vaccine pro-
gram, had committed itself earlier to thetask of developing
and producing a meningococcal polysaccharide vaccine for
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the Army. Merck conducted independent clinical trials
among gold minersin South Africaand obtained |levels of
safety and efficacy comparable to those found by Austrian
with the product produced by Eli Lilly. Merck applied to the
Food and Drug Administration (FDA) in 1976 for alicenseto
manufacture and market a 14-valent vaccine. The company
wasissued a product license on November 21, 1977, and
began marketing PNEUMOVAX Sith February 1978. Lederle

L aboratories obtained a product license for its 14-valent
vaccinein August 1979 and began marketing PNU-
IMMUNE “shortly thereafter. Subsequently, 23-valent vac-
cineswere devel oped and licensed in 1983. They contain 87
percent of the serotypes responsible for bacteremia pneumo-
coccal diseasesin adults worldwide and are reported to be 65
to 70 percent effectivein healthy adults. Timefrom first suc-
cessful vaccinetrial: 37 years.

Such effectivenessislackingin children (8), for T-cell-inde-
pendent polysaccharide vaccines are poorly immunogenic in
the young, particularly those less than 2 years of age. After
the success in the late 1980s of the Haemophilus influenzae
(Hib) polysaccharide-protein conjugate championed by
Robbins and Schneerson (9), steps were taken to apply this
approach to the devel opment of a pneumococcal vaccine for
children. In 1987, NIAID sought the interest of industry in
manufacturing a heptavalent conjugate vaccine. Only one
company, Praxis Biologics, anew venture started by Dr.
Richard Smith, Professor of Pediatrics at the University of
Rochester and a close associate of NIAID grantee Dr. Porter
Anderson, an expert on polysaccharides, submitted a con-
tract proposal. Merck wrote that it would proceed indepen-
dently.

Combining pneumococcal conjugates was not easy. It took
time going from three to five to seven serotypes, trying dif-
ferent proteins, and conducting phase | trials during years
when Praxis was absorbed by Wyeth-L ederle Vaccines. Fi-
nally, in 2000, 21 years after thefirst 14-valent polysaccharide
vaccine was licensed, a heptavalent conjugate vaccine was
licensed. This contains the most common serotypes that
causeacutectitismedia(4, 6B, 9V, 14, 18C, 19F, and 23Y)
conjugated to the nontoxic diphtheria toxin analogue
CRM197. Two efficacy trias, onein California(10) and the
other in Finland (11), have shown the vaccine to be safe and
moderately effective in the prevention of otitis media caused
by serotypes included in the vaccine, but the Finnish trial
demonstrated an increase in the incidence of otitis media
from serotypes not in the vaccine. Merck will soon submit a
license application for its multivalent conjugate.

It took 5 years longer than predicted by the Institute of
Medicine (IOM) (see Table5in “ History and Commentary”)
to bring conjugated pneumococcal polysaccharides to licen-
sure. It iswell that vaccines are now available for children

and adults because an increasing proportion of pneumococci
isolated around the world are resistant to penicillin and other
antibiotics. But both vaccines can be improved (12).
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Sexually Transmitted Diseases l

OVERVIEW

Sexually transmitted diseases (STDs) comprise a spectrum of
infectionsthat are amajor, yet often ignored, area of women's
health. Women, particularly adolescents, and infants are dispro-
portionately affected by these infections. STDs also represent a
major area of health disparity in the United States, with the
current epidemic disproportionately affecting minority popul a-
tions and lower socioeconomic groups. The rates of gonorrhea
and syphilis are greater for African Americans than for non-
Hispanic whites. African-American and Hispanic women suffer a
proportionally greater share of the severe magnifications of
these diseases, such as pelvic inflammatory disease (PID)
caused by bacterial infections, and cervical cancer caused by
human papillomavirus (HPV) infection. STDs have animpact on
the human immunodeficiency virus (HIV) epidemic aswell. Stud-
iesindicate that infection with avariety of STDs can increase
therisk of HIV transmission by at |east threefold to fivefold.

Apart fromtheHIV epidemic, STDs cause significant morbidity
and mortality, aswell as contribute greatly to increasing
healthcare costs. Gonococcal and chlamydial infections cause
PID, infertility, and ectopic pregnancy. Several common STDs
adversely affect pregnancy and result in spontaneous abortion,
gtillbirth, chorioamnionitis, premature rupture of membranes,
preterm delivery, and postpartum endometritis. Neonatal infec-
tionsinclude gonococcal conjunctivitis, which may lead to

Incidence Prevalence*
STD (Estimated number of (Estimated number of
new cases every year) people currently infected)
Chlamydia 3 million 2 million
Gonorrhea 650,000 Not Available
Syphilis 70,000 Not Available
Herpes 1 million 45 million
Human 5.5 million 20 million
Papillomavirus (hpv)
Hepatitis B 120,000 417,000
Trichomoniasis 5 million Not Available
Bacterial Vaginosis** Not Available Not Available
* No recent surveys on national prevalence for gonorrhea, syphilis,
trichomoniasis or bacterial Vaginosis have been conducted.
** Bacterial Vaginosis is a genital infection that is not sexually transmitted but is
associated with sexual intercourse.
Source: CATES, 1999

STD Table

blindness; chlamydial pneumonia, which may lead to chronic
respiratory disease; and herpes encephalitis. Moreover, genital
infections attributable to HPV are causally associated with cervi-
cal cancer, the most common cause of cancer-related death in
women throughout the world.

Despite recent global effortsin health education aimed at pre-
venting the sexual transmission of HIV, STDsremain hyperen-
demic in many devel oping countries and in the inner-city popu-
lations of industrialized countries. Throughout the world, the
majority of STDsare clustered in the resource-limited settings of
urban and peri-urban areas, where increasing numbers of adoles-
cents and young adults, poverty, unemployment, lack of educa-
tion, perceived lower status of women, and social disintegration
fuel the epidemic spread of STDs.

A consensus has emerged that the prevention of sexually trans-
mitted HIV infection and the prevention of the major sequel ae of
STDsinwomen and infants mandate aglobal initiative for the
prevention and control of STDs. Among other things, thisinitia-
tive will depend on the devel opment of safe, effective vaccines
that prevent infection, disease, and/or sequelae. Currently, ex-
cept for hepatitis B infection, no such vaccines exist.

(GONORRHEA

In the last 20 years, great strides have been made in research on
Neisseria gonorrhoeae, the pathobiology of gonorrhea, and the
prevention of this disease. These advances were made possible
by developmentsin molecular biology technology, the genome
sequencing initiative, and an infusion of talented young investi-
gatorsinto thefield.

Pilusasa Vaccine Target and Antigenic
Variation in N. gonorrhoeae

Inthe 1970s, scientists had asimplistic view that immunizing the
populace with the major surface antigens of N. gonorrhoeae
would stimul ate protective and, hopefully, lasting immunity to
infection. This attitude was not unreasonable given what was
then known about immunization in general. The piluswas cho-
sen as the most likely vaccine candidate because it wasimmuno-
genic, it was amajor structure on the surface of the bacterium,
and because it promoted bacterial attachment to human cells. A
number of trialswereinitiated in military recruitsto study the
efficacy of a pilus-based vaccine. These studies showed that the
pilus could induce immunity in volunteers. Unfortunately, this
immunity only protected the volunteers against infection by a
limited number of bacterial strains.
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Genetic studieswere initiated around the time of the pilus-based
vaccinetrias. These studies revealed that the pilin gene under-
goes tremendoudly high rates of antigenic variation, leading to
antigenic changes of pilin, the subunit that makes up the pilus
structure. This explainswhy volunteersimmunized with the pilus
wereimmune only to limited strains of the species: The bacte-
rium changes the antigenic character of the pilus at high fre-
guency, and in so doing, escapes from the host immune re-
sponse. Further work indicated that antigenic variation occurs at
many levels, affecting many of the bacterial coat proteins. This
phenomenon of antigenic variation is analogous to what hap-
pensto the flu virus, only the bacterial processis much more
complicated and affects many more proteins.

Porin: AMajor Virulence Factor and Vaccine
Target

The porin, a protein on the surface of N. gonorrhoeae, serves as
aportal of entry for small compounds, i.e., porin poresallow
nutrients to enter the bacterial cell. Porin also has the interesting
property of inserting into the membrane of human cells, and in
so doing, sending signals to the host cell. (How these signals
affect the cell is unclear at present.) The porin protein does not
undergo large-scale antigenic variation, i.e., porinsfrom awide
number of strains are antigenically similar to each other. Thus,
porin promises to be a good vaccine target. Toxicity studies
indicate that porinsare safeimmunogens. However, preliminary
trials indicate that while porins can induce an antibody response
in humans, the antibodies thus derived do not kill the bacteria.

No vaccines are presently in human trials, nor are any licensed
for use. The discoveriesthat thereis antigenic variationin N.
gonorrhoeae and that porins are not a protective immunogen
have turned the attention of investigators to other approaches
to identify vaccine and pharmacological candidates. Much work
now centers on the activities of the bacterium whenitisin close
association with host cells in the body.

I dentifying the Bacterium’s Achilles Hedl:
The Development of Cell Culture Systems

For years, N. gonorrhoeae was thought to exist only on the
mucosal surfaces of humans, i.e., the dogmawas that this bacte-
rium does not invade cells. Thisview was derived in part from
the lack of suitable animal models to study gonococcal disease.
In the 1980s and 1990s, avariety of cell culture systemswere
developed for studying N. gonorrhoeae. These cell systems,
representing different anatomical sitesthat are susceptibleto N.
gonorrhoeae infection, make it possible to study numerous
aspects of the infection process. Using these systems, scientists
have discovered that the life cycle of the bacterium does have
an intracellular stage and that the bacterium not only adheresto
the epithelial cell, but also entersit, transits across its length,
and exits into the subepithelial space. It is at thislatter site that
the symptoms of the disease are actually elicited.

I dentifying the Bacterium’s Achilles Hedl:
Human Challenge Studies

Complementing these cell culture systemsis the human chal-
lenge system. This system, developed in the late 1980s, is de-
signed to study early eventsin a N. gonorrhoeae infection of
the urethra. The systemislimited to studies of infectionsin the
adult male urethraand to early times of infection. Nevertheless,
experiments using this system have already revealed important
aspects of a gonorrheainfection. They show that iron from
human transferrin isimportant for the establishment of infection.
They also show that antigenic variation occurs during early
stages of the infection.

I dentifying the Bacterium’s Achilles Hedl:
Cell Biology and Receptor Studies

The last decade saw the application of cell biology approaches
to understanding the life cycle of N. gonorrhoeae. These stud-
ies have revealed how certain secreted bacterial enzymesre-
model the normal cell and deactivateitsinfection-fighting capa-
bilities. Studies al so have identified numerous bacterial recep-
tors on the surfaces of human cells. The cell normally uses these
receptorsin its normal day-to-day function. Yet N. gonorrhoeae
has succeeded in using these receptors for its own gain. Upon
contact with these receptors, the bacterium sends signals into
the cell. These signals, in the form of protein phosphorylation
and Ca2* fluxes, trigger cascades of biochemical reactionswithin
thecell, al designed to fool the cell into internalizing the bacte-
rium and keeping it safe from harm by innate cellular defense
systems.

Studies have al so reveal ed how the bacterium managesto
outcompete the human host for certain nutrients. For instance,
N. gonorrhoeae requiresiron for growth and infectivity. At the
mucosal surfaces, iron is derived mainly from the host protein
transferrin. During infection, the bacterium reduces cellular
levels of transferrin receptor, aprotein that binds and internal -
izestransferrin, and allowsiron uptake. In so doing, the bacte-
rium makestransferrin morereadily availablefor itsown use.

I dentifying the Bacterium’s Achilles Hed:
How Bacteria Send Signalsto Host Célls

Many bacteria, including N. gonorrhoeae, are known to move
along solid or semisolid surfaces. This processis known as
twitching motility, named for the manner of the movement.
Twitching moatility requiresthe bacterial type |V pilusand helps
the microbes to spread across and colonize the mucous layer on
the surface of cellsin the body. Recent studies on the funda-
mental nature of twitching motility have shed light on how bac-
teriamove. The knowledge gained from these studiesis appli-
cableto awide variety of other pathogenic bacteria that express
typelV pili. Itisalsolikely to shed valuablelight on how motility
on the mucosal surfaces may send signals into the host cell to
perturb normal cell functions.
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N. gonorrhoeae moves by extending the pilus, a filamentous
structure, onto a substrate, such as the membrane of a cell, then
pulling the pilus back into its body. This process is analogous to
aclimber using agrappling hook to ascend a mountain. The
pilus retraction process occurs at atremendous force. Similar
forces placed artificially on the membrane of human cellsin
culture induce changes to cell morphology, perturb normal bio-
chemical pathways, and change gene expression patterns. Pilus
retraction during bacterial attachment islikely to generate forces
on the cell membrane and stimul ate biochemical pathwaysthat
fool the cell into internalizing the bacteria. Futurework along
these lines will undoubtedly uncover more targets for pharmaco-
logical intervention in this disease. Other pathogens express
retractabletypelV pili, among them are enteropathogenic Es-
cherichia coli, the causative agent of diarrheal disease, and
Pseudomonas aeruginosa, a pathogen that affects cystic fibro-
sis and burn patients. Studies on N. gonorrhoeae pilus retrac-
tion will undoubtedly benefit research programs on other micro-
bial pathogens.

I dentifying the Bacterium’s Achilles Hedl:
Genome Sequence of N. gonorrhoeae

A great help to investigatorsin the field has been the completion
of the genome sequence of this bacterium. Today, investigators
interested in certain genes and proteins can simply search the
genome database for their items of interest. Cumulatively, this
database has saved scientists from having to put in thousands
of hours of laborious |aboratory work to identify their targets.

I dentifying the Bacterium’s Achilles Hedl:
Future Challenges

Information gathered on N. gonorrhoeae illustrates an important
point about this bacterium: It has evolved humerous means to
propagate itself and survive in humans. Previous efforts to
develop vaccines against gonococcal infection failed because
actions were taken in the absence of an adequate knowledge
base. Future challengesin vaccine devel opment will require the
expansion of this database, and the careful selection of possible
vaccine targets.

Thelack of an animal model for gonorrheal disease hampersthe
search for suitable vaccine and pharmacol ogical targets. N.
gonorrhoeae has an exquisite tropism for the human body. This
preference for infecting humans is due to the specificity of the
bacterium for numerous human receptors aswell asitsrequire-
ment for human forms of such nutrients as transferrin and
lactoferrin iron. The bacterium also causes awide range of dis-
eases at multiple anatomical sites of the human body. Thus,
developing suitable animal modelsthat replicate gonococcal
diseaseswill be adifficult and challenging task. Sincethis effort
isnot a high-yield proposition, many talented researchers have
avoided taking on such challenges.

Cdll culture systems have been of tremendous help in under-
standing the life cycle of N. gonorrhoeae. Current knowledgeis

mostly on theinitial phase of aninfection process, i.e., adher-
ence and cell entry. Littleisknown about theintracellular activi-
ties of the bacterium or about the mechanisms that contribute to
the carrier state. The latter is an important part of the disease
process. Carriers are more likely to transmit the disease than
peoplewith overt infections, and women carriersare morelikely
to develop PID and infertility. At the moment, most cell culture
studies use cells grown on a solid substrate, the plastic bottom
of aculture dish. Future progressin N. gonorrhoeae vaccine
research will require the refinement of these culture systemsto
mirror the conditions of the different mucosal epitheliafound on
the human body. (For instance, polarized epithelial cell cultures
replicate the architecture of the epithelial mucosa.) Asisthe case
for animal models, devel oping such culture systemsisdifficult,
time consuming, and alow-yield proposition.

Thefieldsof cell biology, signal transduction, and microbial
pathogenesis are converging and finding common languages.
Many of the proteins and biochemical cascades used by the cell
for normal function are redirected by N. gonorrhoeae for its own
purposes. The challengeisto identify the molecular pathways
usurped by the bacterium and define the end result of thisinter-
ference since elements in these pathways may serve as vaccine
and/or pharmacological targets. In addition, the design of any
vaccine and/or pharmacol ogical agent will haveto takeinto
account whether the treatment itself will interferewith host cell
function.

Finally, the advent of microarray technology will be of tremen-
dous help in vaccine development. For instance, microarray
analysis of N. gonorrhoeae gene expression during the different
stages of adhesion and invasion will identify new bacterial pro-
teins that are upregulated during the infection process. Some of
these proteins are likely to be good vaccine targets. Microarray
analysis of epithelial cell genesthat are up- or downregulated
during N. gonorrhoeaeinfection will also be extremely valuable.
Such studies will reveal host proteins and signal cascades that
are perturbed or usurped by the bacteria during infection. Some
of these cellular proteins are also likely to be good vaccine or
pharmacological targets.

Microarray analysisis adouble-edged sword. If performed with
stringency and precision, thistechnology will yield invaluable
information. If it is performed by inexperienced individualsand
withincomplete gene arrays, theinformation will be misleading
at best. Microarray analysis, therefore, should not be imported
into every laboratory. It isadifficult technology requiring expert
technical knowledge ranging from nucleic acid chemistry to
statistics. This technology is best provided by core facilities.

CHLAMYDIA

More cases of STD are caused by Chlamydia trachomatis than
by any other bacterial agent, making C. trachomatisinfection an
enormous public health problem in the United States and
throughout the world. C. trachomatis infects men and women, in
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the majority of cases causing silent, asymptomatic infection that
can persist for many years. Men with asymptomatic infection
serve as carriers of the disease, spreading the infection, but only
rarely suffering long-term health consequences as aresullt.
Women are at tremendous risk of serious complications of infec-
tion. Acute infection with Chlamydiacan resultin PID, aserious
and painful syndrome that often leads to permanent damage of
the reproductive tract and adramatic increase in the likelihood of
infertility and/or ectopic (tubal) pregnancy. C. trachomatisinfec-
tion in the United States has always accounted for a significant
percentage of STD, but the number of infected individuals has
exploded over the past 20 years. Various studies have estimated
that there are 4 to 5 million new cases each year and that be-
tween 3 and 5 percent of women are infected at any timewith C.
trachomatis. Among inner city adolescent females, the incidence
rate can be as high as 30 percent. As this population enters
childbearing age, there will be not only devastating reproductive
health problemsin these women, but also tremendous economic
costs associated with treatment. Previously, the costs of treating
and caring for patientswith PID ranged from $2 to $6 billion
annually, and the estimates for 2000 are as high as $10 billion.

Onesignificant difficulty in curtailing Chlamydiainfectionsis
the ability to diagnose infections rapidly. Most sexually active
patients are not screened routinely by primary care providers.
Even in cases where Chlamydiais suspected, the test must be
sent to aspecialized laboratory for evaluation. Thislack of diag-
nosisis particularly discouraging in that the organisms respond
well to antibiotic therapy and can even be treated with asingle
dose of certain drugs. Increased awareness and routine screen-
ing of at-risk populations would have a significant impact on
these infections and their cost. Infection that remains undetec-
ted in girls and women causes damage to the reproductive sys-
tem that is often not treatable using antibiotics. Once this dam-
age arises, costly invasive measures are the only treatment for
infertility, and these are not successful in many patients.

A safe vaccine administered prior to adolescence that is effec-
tive through childbearing age would have a significant impact
on the acquisition and spread of this disease and the cost of the
resulting pathology. There are no vaccine candidates presently
in human trials; however, the development of such vaccinesis
an active area of research. One of the major successes of this
work has been the identification of several components of C.
trachomatis that stimulate protective immune responses. Al-
though exciting, the protection that resultsfrom immunizing
experimental animalswith any one of these componentsis not
complete. These components al so appear to stimulate different
arms of the immune system. Most researchers now believe that
an effective vaccine must incorporate multiple Chlamydia-de-
rived componentsthat stimulate multiple arms of theimmune
system. Identification of these components has been greatly
assisted in the past 3 years by the availability of the complete
genome sequence of C. trachomatis. The ability to examine
every genein the organism has allowed for identifying and

testing candidate proteins based on their similarity to proteins
important in immunity to other bacterial pathogens.

Despite these efforts to devel op candidate vaccines, three major
impediments have remained unresolved. First, the amount and
quality of information obtainable by infecting experimental ani-
malswith C. trachomatisislimited. The Chlamydiaorganism
that does infect miceis not the same as those that infect people,
it causes different pathology and responds differently to im-
mune pressure in the host. Conversely, strains that commonly
infect people do not cause severe disease in mice. Second, there
issignificant concern that the use of a Chlamydiavaccinein
peoplewill result in side effects. Many of the serious complica-
tions of infection are thought to result not from the infection
itself, but from the effects of the immune system attempting to
control theinfection. A vaccinethat stimulatesimmunity might
also cause the same destruction of the reproductive tract seen
during actual infection. Third, C. trachomatis cannot be manipu-
lated genetically. Many approaches to creating new vaccines
depend on weakening live organisms by disrupting specific
functions, thereby rendering the organism harmless. These
weakened bacteria can then be used as vaccines to stimulate
immunity to the virulent organisms. These genetic approaches
have not been possible with C. trachomatis. Hopefully, research
over the next few yearswill allow investigatorsto overcome
each of these barriersin order to generate effective and safe
vaccines.

GENITAL HERPES

The concept of what may constitute protective immunity has
improved through studies of animal and human immunere-
sponsesto genital herpes simplex virus (HSV) infection. More
sophisticated vaccine products have resulted from advances in
molecular virology and immunology. The sequences of HSV
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types 1 and 2 (HSV-1 and HSV-2) have been elucidated and used
to prepare a variety of vaccine candidates, including subunit,
genetically attenuated, replication-impaired, nucleic acid (DNA)-
based, and vectored vaccines. Adjuvant research has yielded
new strategies for boosting immune responses to candidate
vaccines. New adjuvants used in herpes vaccine research in-
clude 3-deactylated monophosphoryl lipid A (3-dMPL), MF59,
and immunostimul atory nucleic acid sequences (CpGs). Im-
proved understanding of the epidemiology of genital herpes has
facilitated clinical trial designs. Animal model studiesfirst
showed that vaccines could be used to reduce the frequency of
clinically apparent and inapparent (virus shedding in the ab-
sence of obviouslesions) recurrent genital HSV infections.
Triasin humans subsequently confirmed the animal studies and
provided the first controlled clinical data supporting the concept
of vaccine immunotherapy for the treatment of patients with
persistent viral infections.

There have been two important related advances. Thefirst was
the demonstration that a subunit vaccine (a glycoprotein D
product developed by GlaxoSmithKIline) could afford significant
protection against genital herpes disease. The second was the
observation that the protection was seen only in women. Gen-
der-specific (female) protection was also seen with another
subunit vaccine (a product containing HSV-2 glycoproteins B
and D developed by Chiron Corporation), although the protec-
tion was transient.

There are no licensed vaccines for the treatment or prevention of
genital herpes. There are two vaccinesin human trials. A subunit
vaccine devel oped by GlaxoSmithKline Biologicals contains
recombinant truncated HSV-2 glycoprotein D and alum plus 3-
dMPL. The vaccine has been tested for the prevention of genital
herpes diseasein two large phase I11 trialsin adults. There are
plansfor an additional phaselll trial. A replication-impaired HSV-
2 mutant lacking the gene encoding the essential glycoprotein
gH was developed by Xenova Research, Ltd., (formerly Cantab
Pharmaceuticals, PL C) asadisabled infectioussingle-cycle
(DISC) virusvaccine. The DI SC vaccine was shown to beimmu-
nogenic and well tolerated in phase | trialsin the United King-
dom and the United States. It has been tested in aphase |1 trial
in the United States as a therapeutic vaccine for the treatment of
patients with frequently recurring genital herpes. There are plans
for further development of the Xenova Research, Ltd., product
as aprophylactic vaccine.

The pathogenesis of genital herpesinvolvesinitia infection of
epithelial cells and rapid spread of the virus to sensory ganglion
neurons where a persistent (latent) infection is established.
Reactivation of the latent infection causes symptomatic and
asymptomatic recurrent infections that can result in spread to
susceptible sexual partners, and in the case of the pregnant
woman, perinatal transmission. One challenge with regard to
developing a herpes vaccine is defining the expected benefit of
vaccination: |s prevention of disease without necessarily pre-
venting acute and latent infection sufficient or must the vaccine

protect against infection? Ideally, a vaccine would protect the
genital epithelium against infection; however, at thistime, itis
uncertain whether

current technology
can produce a prod-
uct that will induce
durable protection
of epithelial sur-
faces. An aterna

KHerpevac

tive strategy would
be to protect the
ganglion neurons
from acute and latent infection and thereby prevent subsequent
spread, but further research is needed in order to understand
how to engender protection of the ganglia. Other areas of re-
search that would facilitate devel opment of avaccine to control
genital herpesinclude: Defining immune correl atesto protection,
defining therole of local (genital) immune responsesin protec-
tion and exploring how vaccines can induce these local re-
sponses, understanding the effect of prior HSV-1 nongenital
infection on therisk of acquiring HSV-2 genital infection, deter-
mining whether avaccine that affords partial protection against
disease and reduces the magnitude of latent infection can result
in fewer recurrent infections and less spread of the virusin the
population, and understanding why subunit vaccines afforded
only gender-specific protection.

In Winter 2002 NIAID will launch an
HSV vaccine efficacy study in women.

HumAN PAPILLOMAVIRUS

The past 20 years has been an explosive time in understanding
the natural history of HPV infection and the role that HPV plays
in cervical and other anogenital cancers. In the early 1980s, the
first genital HPV typesweremolecularly cloned from benign
genital warts and from cancers. Today, more than 50 genital
types have been identified and they are classified as either high
risk or low risk based on the likelihood that they will befound in
cancers. Genital HPV infection has

been shown to be extremely common, with approximately 50
percent of women (and likely men) becoming infected. Infection
with either high or low-risk HPV sis often subclinical, but apor-
tion of individualswith low-risk types, particularly HPV 6 or 11,
will develop genital warts, whereas asubset of women with
high-risk HPV swill devel op preneoplastic lesions[dysplasial
cervical intraepithelial neoplasia(CIN)/squamousintragpithelial
lesions]. Pap smear screening and treatment can prevent most of
these lesions from progressing to cancer, and the majority of
infectionswill be self-limiting. However, rapidly growing lesions,
inadequate screening, or treatment failure can result in malig-
nancy. Itisnow clear that almost 100 percent of squamous cell
cancers (SCCs) of the cervix; the majority of adenocarcinomas of
the cervix; and SCC of the vulva, vagina, penis, and anus harbor
high-risk HPV's, with HPV 16 accounting for 50 percent of the
cancers. Vaccination to prevent HPV infection, or as atherapy to
modul ate disease, would not only have tremendous importance
in reducing the burden of anogenital cancer, but would have a
huge impact on public health by reducing the need for screening
and intervention.
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There have been tremendous advances in vaccine research that
have followed three avenues:. 1) Prophylactic vaccinesto pre-
vent infection, 2) therapeutic vaccines to treat cancer patients,
and 3) therapeutic vaccinesto prevent progression. Animal
studies have shown that protection against infection can be
achieved with neutralizing antibodies. These antibodies are
directed against conformational epitopes on the surface of the
virus. Importantly, research has shown that virus-like particles
(VLPs), lacking viral DNA, can be madein thelaboratory, and
these particleselicit neutralizing antibodies. Thus, VLPsare
good candidates for prophylactic vaccines. The rationale behind
developing therapeutic vaccines is based on the fact that all
HPV-associated cancers or premalignant lesions expressthe viral
oncoproteins E6 and E7. Thus, vaccine strategies that can gen-
erate T cellsthat kill E6/E7 expressing cellscould have athera-
peutic benefit.

Currently, there are no licensed vaccines for the prevention or
treatment of genital HPV; however, there are anumber of candi-
date vaccinesthat are in various stages of clinica trials. HPV
VLPs, either asasingletype (usually HPV 16) or in combination
(types6, 11, 16, and 18), are being tested in several trialsto
prevent infection. Merck reported preliminary resultsfrom a
phase Il trial that provided encouraging evidence of protection.
Similar tridlsusing VL Ps, or chimeric VLPstowhich apieceof E7
has been added, are being undertaken by Medimmune/
SmithKline, Medigene/Schering, and theintramural arm of the
National Cancer Ingtitute (NCI). Preclinical research or early
trials are investigating other recombinantsto deliver the coat
protein. There are also alarge number of trials of potential thera-
peutic vaccines. Vaccination of women who have advanced
cervical cancer using arecombinant virusthat contained E6/E7
was reported, and more studies are underway in patients with
cancer and CIN. Peptides or portions of E6/E7 with adjuvant or
linked to other immunostimulatory proteins are being tried by
XenovaResearch, Ltd.; Stressgen; University of Leiden; NClI;
and others.

There are many challenges to the development of HPV vaccines.
Asfor al STD vaccines, amgjor challengeishow to develop a
vaccine that will provide protection at the mucosal surface of the
genital tract. The current strategies are based on creating a
massive systemic response that will seep into the genital tract
when trauma occurs. It may be necessary to find new waysto
specifically target the immune response to the genital tract.
Duration of the vaccination response is also important; initial
vaccination will occur before the onset of sexual activity and
must be protective for many decades of potential exposure.
Another issueto consider isthe multiplicity of HPV types; while
four types are responsible for approximately 80 percent of can-
cers, the remaining 20 percent involve alarge number of other
types. The challenges facing therapeutic HPV vaccines are even
greater, as the underlying mechanisms that mediate regression
arelesswell understood than for prevention. One problemis
that HPV isavirusthat only infects epithelial cells, and those
cells are good at avoiding the immune system by having only

limited contact with theimmune system and by interacting
poorly with theimmune cells. Oncethe HPV lesion hasbecome
cancerous, further changes block the ability to present the E6/E7
antigensfor recognition, evenif immune cellsare present. Fi-
nally, the highest incidence of cervical cancer isin the develop-
ing world; thus, HPV vaccines should be simple and affordable.

SYPHILIS

Theinability to cultivate Treponema pallidumon artificial me-
dium historically has been the principal deterrent to advancesin
syphilis research. The advent of recombinant DNA technology
intheearly 1980s, more specifically theexpression of T.
pallidum antigensin E. coli, was key to circumventing this
impediment. Throughout the 1980s, work in anumber of labora-
tories led to the identification and subsequent molecular charac-
terization of themajor B and T-cell treponemal immunogens
recoghized during syphilitic infection. In addition to comprising
potential vaccine candidates, a number of these molecules have
shown considerable promise as serodiagnostic antigens. For
some of these cloned proteins, sequence similarity with proteins
of other prokaryotes made it possible to deduce cellular location
and physiological function. On thewhole, however, the lack of
sequence homologies at this early stagein the molecular era
emphasized the “ genetic gulf” that exists between T. pallidum
and nonspirochetal bacteria.

DNA sequence analysis of cloned T. pallidum proteins in the
late 1980s led to a discovery that has had far reaching conse-
guences for the field. It was found that many of these protein
immunogens have lipids covalently bound to their N-termini. In
addition to markedly altering the physical properties of these
proteins by providing hydrophobic membrane tethers, the lipid
components al so were found to confer proinflammatory proper-
ties of considerable relevance to the disease process. We now
know that these lipoproteins are potent activators of innate
immune cells (i.e., macrophages, dendritic cells, and endothelial
cells), that these activities arelost if the proteins are not lipid
modified, and that these mol ecul es activate immune cells by
interacting with the pattern recognition receptors CD14 and toll-

189



Sexually Transmitted Diseases

like receptor 2. From the standpoint of the host, activation of the
innate immune response is a double-edged sword. It is beneficial
because it sounds the danger signal that alerts host defenses to
the presence of an invader, stimulating potentially protective
local and systemic immune responses. At the sametime, the
resulting inflammatory processesare likely to bethe principal
cause of the tissue damage that gives rise to disabling clinical
manifestations. The presence of large numbers of activated
lymphocytes and macrophages within primary syphilitic lesions
(chancres) isamajor factor in their ability to serve as cofactors
for sexual transmission of the acquired immunodeficiency syn-
drome (AIDS) virus.

Investigators entered the molecular era assuming that the outer
membrane of T. pallidumwas similar to those of gram-negative
bacteria. It also waswidely assumed that theimmunogenic pro-
teinsidentified using recombinant DNA techniques were surface
exposed. On the other hand, an extensive body of evidence
predating the molecular erademonstrated that the syphilis
spirochete’s surface reacts poorly with the specific
antitreponemal antibodies present in human syphilitic sera. The
existence of these two mutually exclusive notions about the
treponemal surface emphasi zed the need for adetailed examina-
tion of T. pallidum ultrastructure. The resulting studies have
yielded amodel of T. pallidummolecular architecture with impor-
tant consequences for understanding syphilis pathogenesis as
well asvaccine devel opment. According to thismodel, the
syphilis spirochete’s outer membrane contains an extremely low
density of membrane proteins (now often referred to asrare
outer membrane proteins). The highly immunogenic lipoproteins,
in contrast, are located in the periplasmic space, anchored via
their N-terminal lipidsto the cytoplasmic membrane, wherethey
are inaccessible to antibodies. The paucity of surface-exposed
antigenic targets, coupled with the sequestration of the
proinflammatory lipoproteins, isbelieved to explain, at least in
part, why the spirochete so successfully disseminates through-
out the body and establishes persistent, even lifelong, infection
in someindividuals (hence the nickname stealth pathogen).

The past several years of syphilis research have been dominated
by the quest for rare outer membrane proteins. This extensive
effort ismotivated by the belief that identification of these sur-
face antigensisthe key to vaccine development. Given the low

cellular abundance of these molecules, and the limited numbers
of organisms obtainable, it is not surprising that this work has
posed an enormous challenge. Throughout the 1990s, a number
of creative strategies evolved for identifying these molecules,
and promising vaccine candidates have been identified. Indeed,
several of these proteins have been shown to confer partial
protection in the experimental rabbit model. Thiswork recently
received atremendous boost with the availability of the T.
pallidum genomic sequence. With the bacterium’s entire genetic
blueprint available, syphilis researchers now can catalog all of
its outer membrane protein candidates as a prelude to assessing
their cellular locations and protective capacities. The syphilis
vaccine that has eluded investigators for decades could be at
hand in the not too distant future, although the research is till
far from human trials. It also must not be overlooked that the
syphilis genome has provided investigators with many novel
insights into the bacterium’s strategy for physiological survival
within the host and, hopefully, will yield the information needed
for its successful in vitro cultivation, another longstanding
objective of syphilis research.

In the 1930s, syphilis was designated the principal public health
problem facing the United States. Following World War 11, with
the introduction of penicillin as the mainstay of syphilotherapy,
syphilisrates plummeted. However, from the 1970sand into the
early 1990s, the disease staged an impressive comeback, with
African Americans bearing a hugely disproportionate share of
the disease burden. The recognition that syphilitic genital ulcers
dramatically increase the sexual transmission of HIV further
amplified the disease’simportance as a public health threat.
Fortunately, as aresult of the 7-to-10-year cyclic nature of syphi-
lis epidemicswithin the United States, along with the reinvigo-
rated efforts of public health workers, syphilisratesare now at a
historic low. Buoyed by these trends, the Centers for Disease
Control and Prevention (CDC) hasimplemented an aggressive
campaign to eliminate syphilisfrom the United States. Develop-
ments emanating from basic and clinical research, including
improved diagnostics, effective new oral therapeutic regimens,
tools for the molecular typing of T. pallidum strains, and hope-
fully asafe and effective syphilis vaccine, are expected to
complement epidemiol ogically based strategiesfor disease eradi-
cation.
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Vector-Borne and Zoonotic I nfections '

OVERVIEW

Arthropod-borne infectious diseases are responsible for alarge
and growing proportion of the mortality and morbidity
throughout the world. Diseases such as malaria, dengue fever,
Japanese encephalitis, yellow fever, West Nilefever, and
leishmaniasis affect untold millions of peopleintheworld's
poorest nations, where the opportunity for intervention is most
limited. In the United States, these diseases are emerging as
increasingly significant sources of morbidity, but death is
extremely rare. The combination of adequate early diagnosisand
treatment maintains avery low transmission rate. In devel oping
countries, these resources are not always available, and
alternative means must be found to interrupt transmission and
prevent disease. Immune-based methods to accomplish these
goals include development of vaccines against the pathogens
to protect the humans who are exposed, vaccines to block
transmission of the pathogens by killing them inside their
arthropod vectors, and vaccines against the vectors
themselves. Among the most promising vaccine devel opment
efforts underway at present are a transmission-blocking vaccine
against Lyme disease, a protective vaccine against malaria, and
immunological approaches to preventing the establishment of
leishmanial parasitesinside the human lymphocytes.

ANTHRAX

Background

Anthrax isalife-threatening bacterial disease caused by Bacil-
lus anthracis, a gram-positive bacillus that produces heat-resis-
tant spores. Anthrax israre in humans and occursin two natural
forms (cutaneous and systemic), mainly among those who come
in close contact with animals or their products. Cutaneous an-
thrax is characterized by an inflamed carbuncle covered by a
black eschar. If not treated, the bacilli may spread to regional
lymph nodes and then to the bloodstream, resulting in systemic
anthrax. Systemic anthrax, whichisnearly alwaysfatal, also may
develop frominitial sitesof infectionin either thelung (from the
inhalation of spores) or the gut (from eating contaminated meat).
Death results from edema, massive hypotension, shock, and
pulmonary edemain the case of inhalation anthrax.

Natural epidemicsof pulmonary anthrax arerare. Since thethreat
of using anthrax as a bioterrorism agent has been demonstrated,
outbreaks of pulmonary anthrax must be suspected as originat-
ing from the deliberate release of sporesinto the atmosphere.
This can result in an enormous number of fatalitieswithina
short period of time, well before diagnosisis possible.

Possible Pathoganic Mechaniams of 8 anthracis
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Current Satusof Resear ch and Development

In response to the threat of using various bacterial pathogens as
agents of bioterrorism, the National Institute of Allergy and
Infectious Diseases (NIAID) formed the Working Group on
Anthrax Vaccines (WGAV) to review the current status of an-
thrax vaccinesin 1999. Anthrax Vaccine Adsorbed (AVA), which
waslicensed for human usein 1970, isthe only vaccine available
for anthrax. It isan alum-adsorbed, killed-cell vaccinewitha
shelf life of lessthan 1 year. It was designed mainly for usein
textile workers to protect against cutaneous anthrax (wool
sorter’s disease), scientists working with anthrax, and veterinar-
ians, and is administered as six injections over an 18-month
period. The efficacy of AVA for preexposure vaccination against
pulmonary anthrax has only been demonstrated in animal mod-
els, and the results of recent preclinical studies show that after
asfew astwo immunizing dosesit is able to confer protection
against inhal ation spore challenge in nonhuman primates.
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Roughly 2 million doses of the vaccine have been administered,
mostly to U.S. military personnel. But some service members
have raised concerns about the vaccine's safety and efficacy,
and more than 400 military personnel have refused the shots,
worried that vaccination could be connected to complaints of
chronic fatigue, memory loss, and other health problems. These
concerns prompted Congress to request a National Academies
study of the vaccine's adverse reactions, long-term health impli-
cations, gender differences in reactions, and effectiveness
against inhal ation exposure. The committee concluded that while
the current anthrax vaccine is safe and effective, it does have
certain drawbacks. It relies on older vaccine technology and
requires a cumbersome dosing schedule.

The results of preclinical studies conducted by investigators at
theU.S. Army Medical Research Institute of Infectious Diseases
(USAMRIID) have established that it is the protective antigen
(PA) of B. anthracis that induces significant protective immunity
against inhalation spore challenge, and that PA is the compo-
nent of AVA responsible for generating such immunity. The gene
for PA has been cloned and inserted into a nonspore-forming,
avirulent strain of B. anthracis, aswell asinto an Escherichia
coli vector expression system. This enables the production of
large amounts of purified recombinant PA (rPA) for useasa
vaccine. The administration of two intramuscular injections of
rPA (50ug or 5ug with alhydrogel as adjuvant) induces 90- to
100-percent protectiveimmunity against inhal ation spore chal-
lengein rabbits and monkeyswithin 3 months after immuniza-
tion. Levelsof serumimmunoglobulin G (1gG) antibodies against
PA, aswell astoxin-neutralizing antibodies, parallel the degree of
protective immunity generated in response to rPA upon inhala-
tion spore challenge. The safety of the anthrax vaccines has
been publicly debated for the past few years. Reports from sci-
entific reviews conducted by the Department of Defense, the
Ingtitute of Medicine, and the U.S. Army concluded that no
patterns of unexpected local or systemic adverse events were
identified inindividualswho had received AVA.

During the 2001 anthrax mail attacks, AVA was not initiated imme-
diately as standard of care for potential exposures because of
thelimited availability of vaccine. Later inthefall it was offered
under investigational new drug procedures for postexposure
contacts.

Recent scientific findings with the discovery of the crystalline
structure of the lethal and edema factor and the sequencing of
the B. anthracis genome are certain to provide further tools for
researchersin the development of new and improved anthrax
vaccines.

On the basis of these and other findings, WGAV recommended
that NIAID support joint, collaborative studieswith USAMRIID
to conduct phase | clinical trials on the safety and efficacy of an
rPA vaccine for humans. Such studies are now underway.

Sources

Hanna, P. (1998). Anthrax pathogenesis and the host response.
Current Topics in Microbiology and Immunology, 225, 13-35.

Inglesby, T. (2002). Anthrax as abiol ogical weapon. Journal of
the American Medical Association, 287(17), 2236.

Ivins, B. E., Pitt, M. L., Fellows, P. F., Farchaus, J. W., Benner, G
E.,Waag, D. M., Little, S. F.,Anderson, G W., Jr., Gibbs, P H., &
Friedlander, A. M. (1998). Comparative efficacy of experimental
anthrax vaccine candidates against inhalation anthrax in rhesus
monkeys. Vaccine, 16, 1141-1148.

McBride, B.W., Mogg, A., Telfer, J. L., Lever, M. S, Miller, J,
Turnbull, P.C., & Baille, L. (1998). Protective efficacy of arecom-
binant protective antigen against Bacillus anthracis challenge
and assessment of immunol ogical markers. Vaccine, 16, 810-817.

Singh, Y., lvins, B. E., & Leppla, S. H. (1998). Study of immuniza-
tion against anthrax with the purified recombinant protective
antigen of Bacillus anthracis. Infection and Immunity, 66, 3447-
3448,

DENGUE

Dengue viruses are the most widespread arthropod-borne vi-
ruses (arboviruses). They are membersof the Flaviviridae family,
which includes more than 70 related but distinct viruses, most of
which are mosqguito borne. Other major pathogensin thisfamily
include yellow fever and Japanese encephalitisviruses. In 2002,
dengue was present on most continents, and more than one-half
of al United Nations member states (discussed bel ow) were
threatened by dengue. Epidemics continue to emerge, and this

NIAID researchers working on dengue in Brazl.
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virus causes severe infections in areas where periodic epidemics
did not previously occur. The disease will continue to spread as
newly urbanized areas become infested with mosquito vectors.
In those areas where dengue is endemic, more than 1.5 billion
peopl e (including about 600 million children) areat risk. Itis
estimated that between 35 and 60 million people areinfected with
dengue, and that 2,000 to 5,000 children die from dengue annu-
ally. These figures most likely underestimate the scope of this
problem.

There arefour closely related, but serologically distinct, dengue
viruses (types 1 through 4). Because there is no cross-protec-
tion between the four types, a population could experience a
dengue-1 epidemicin oneyear, followed by adengue-2 epidemic
the next. Primary infection with any serotype often causes a
debilitating, but usually nonfatal, form of illness. To date, limited
antiviral drug chemotherapy studies have not proved success-
ful; consequently, most currently used forms of therapy for
uncomplicated dengue are supportive in nature.

Some infected patients experience amuch more severe and often
fatal form of the disease, called dengue hemorrhagic fever
(DHF), the most severe form of which isreferred to as dengue
shock syndrome (DSS). Unlike other infectious diseases, the
presence of antibodies after recovery from one type of dengue
infection is believed to predispose some individual s, under
certain incompletely understood circumstances, to the more
severeform of disease (DHF/DSS) through immune-enhance-
ment when infected by a different dengue virus serotype. Al-
though all age groups are susceptible to dengue fever, DHF is
most common in children.

Dengue viruses are prevalent throughout the tropics, where the
urban-dwelling mosquito Aedes aegypti isamajor vector. Other
related mosguitoes, such as Aedes albopictus, are also efficient
vectors. Although the virus may circulate in endemic cycles, it
periodically causes acute, widespread epidemicsin which large
percentages of the population may beinfected. An exampleis
the 1987 epidemicin Thailand, which officialy involved 174,285
cases; most were children younger than 15 years of age. Dengue
caused 1,007 reported deaths among these children. That year in
Thailand, dengue was the third-leading cause of illnessin chil-
dren, and the leading cause of childhood death. DHF has
emerged as an important public health problem in Southeast
Asiaas new waves of epidemics occur; this appears to be hap-
pening in the Western Hemisphere and the Pacific Ilands as
wll.

In the Americas, thefirst epidemic of cases of severe DHF oc-
curredin 1981. Theillness was associated with a dengue-2 epi-
demicin Cubathat followed the dengue-1 epidemic of 1977.
During the 1981 outbreak in Cuba, 116,151 hospitalized cases of
denguefever were reported, and 10,312 cases were classified as
severe DHF; 158 deaths (many in adults) were reported. More
recently, the Caribbean and South and Central Americahave
experienced frequent outbreaks of dengue, with cases of fatal

DHF now commonly reported from many countries. Most U.S.
residents become infected with dengue during travel to tropical
areas. However, aslarger epidemics have occurred in northern
Mexico, portions of the southern United States have experi-
enced increased importation of dengue cases. Local transmis-
sion of dengue has been documented in Texasin 1999. Further-
more, aU.S.-based epidemic of dengue started in Hawaii in 2001,
and continuesinto early 2002 with more than 100 cases reported.
The 1999 Texas outhbreak was limited by focusing on avoidance
of A. aegypti mosquitoes. In Hawaii, the vector appearsto be A.
albopictus, which is aless efficient vector for dengue.

Dengue continues to spread or emerge in areas previously con-
sidered not to be endemic, but usually is not associated with
major outbreaks of the disease. The westward expansion of
denguein Asiawasfirst documented in the late 1980s by the
increased epidemicsin Indiaand Sri Lanka. Africaand the
Middle East also were considered to be areaswith alow inci-
dence; however, dengue emerged in these areasin the early
1990s, as demonstrated by the widespread occurrence of dengue
infectionsin U.S. military personnel stationedin Somalia, aswell
as by reports of dengue in Saudi Arabia.

Because attempts to eradicate mosquito vectors have not been
successful in developing countries, the control of dengue will be
possible only after an efficient vaccine has been devel oped.
Clearly, the phenomenon of immune-enhancement may bea
major problem in devel oping an effective dengue vaccine. It
suggests that instead of a monotypic vaccine, a multivalent
vaccine against all four serotypes of the dengue virus may have
to be prepared to avoid inducing monotypic-enhancing antibod-
ies that might lead to DHF associated with subsequent natural
infections caused by other dengue types. The potential risks of
administering a live-attenuated vaccine to a popul ation with
preexisting enhancing antibodies are another potential problem
that remainsto be examined in asystematic manner.

NIAID is now funding several projects that address basic viro-
logical and immunological aspects of flavivirusinfectionsin
general, and dengueinfectionsin particular. The Centersfor
Disease Control and Prevention (CDC) has had alarge, success-
ful program focusing on applied dengue research. The World
Health Organization (WHO) isalso funding vaccine develop-
ment programs, and dengue vaccine development programs are
in place at alimited number of vaccine manufacturersand small
biotechnology companies. The U.S. Army has had a productive,
long-term research program aimed at devel oping adengue vac-
cine.

Progress in dengue research has been slowed mainly because
these viruses grow poorly in cell culture, and there is no accept-
ableanimal model for DHF. NIAID funds several extramural and
intramural projects studying basic virological and immunological
aspects of flaviviruses, such as yellow fever, dengue, West Nile
fever, and Japanese encephalitis viruses. Discoveries from these
projects cross-fertilize vaccine studies on these viruses. Some of
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the most promising basic molecular studies that might be applied
to the development of an improved dengue vaccine revolve
around the development of full-length, infectious dengue
cDNAs. Information from studies using the infectious clone has
been combined with sequence immunological datato yield new
insights into important antigenic regions on the dengue virion.
The recent determination of the three-dimensional structure of
the E protein of another flavivirus (tick-borne encephalitis virus)
and dengue has allowed formulation of an even more sophisti-
cated model for understanding antigenicity and pathogenicity of
flaviviruses. It is hoped that this research can yield efficient and
less costly ways to manufacture safe flavivirus vaccines.

Flavivirus vaccine research has focused on five areas: Live-
attenuated or inactivated vaccines, infectious clone-derived
vaccines, immunogens vectored by various recombinant sys-
tems, subunit immunogens, and nucleic acid vaccines.

A promising set of live-attenuated dengue vaccines has been
developed in Thailand, with support of WHO. Preliminary trials
in adults and children in Thailand were encouraging, with the
tetravalent vaccine inducing broadly cross-reacting antibody in
80 to 90 percent of the subjects. This vaccine has been
transitioned to commercial development by agreementswith
Pasteur Merieux Connaught. Commercial | ots have been manu-
factured and testing is underway in collaboration with Walter
Reed Army Ingtitute of Research (WRAIR).

Because of the success of flavivirus inactivated vaccines
against Japanese encephalitis in Japan, and tick-borne encepha-
litisin Australia, attempts have been made to develop akilled
dengue vaccine. However, because of difficultiesin growing
high titers of denguein cell culture, early attemptsto makeinac-
tivated products were not successful. Recently, WRAIR scien-
tists have used certified Vero cells and serum-free mediato grow
dengue to high titers. A prototype dengue-2 inactivated vaccine
purified and concentrated from these cells induces protective
levels of antibodiesin mice and monkeys. Further testing is
planned.

Infectious clones of dengue, Japanese encephalitis, West Nile
fever, and yellow fever are being combined to produce chimeric
vaccines, and preliminary studies are very encouraging. In one
of these programs, scientists at the National Institutes of Health
(NIH) and in Australia a so have attempted to alter the genetic
structure of the dengue clone to produce live-attenuated vac-
cine candidates. Mouse and monkey trials have been encourag-
ing, and a number of potential vaccine candidates are entering
clinical trials.

The most advanced studies of flavivirusimmunogens delivered
by poxvirus vectors have been with Japanese encephalitis virus
to deliver antigenic Japanese encephalitis proteins to humansin
phase | trials. Further studies are needed, but these vectors
induce cellular and antibody immunity against Japanese en-
cephalitis. Preexisting immunity to the vector attenuated the
response. To avoid this problem, vaccinia virus recombinants

also have been used to generate subviral particles containing
dengue and Japanese encephalitis antigens. These particles
elicit antibody in mice, but their potential asvaccinesistill
being explored.

Subunit vaccines for avariety of flaviviruses have been pre-
pared in E. coli, baculovirus, yeast, and insect cell systems.
Generally, the experience with dengue-containing E. coli prod-
ucts, and some other expressed products, was not promising.
With E. coli-dengue products, mice produced good antibody
titers, but monkey studies were not as successful. One lesson
learned was that flavivirus proteins require extensive processing
and folding during maturation. Studies to fine tune various
expression systemsto yield more stable flavivirusimmunogens
arein progress, and baculovirus-expressed products and prod-
uctsfrom Drosophilacells appear promising in early mouse
testing.

Preliminary studies have been reported on anew nucleic acid
vaccinefor St. Louisencephalitis, arelated flavivirus, and den-
gue and West Nilefever. PreM and E proteins have been ex-
pressed under control of various promoters. Mice immunized
with this product developed low levels of antibody, but were
protected against alive virus challenge. Research by the CDC
(Ft. Callins) and the U.S. Navy is attempting to further develop
this approach for dengue. In the near future, this exciting area
undoubtedly will be afocus of expanded vaccine research ef-
forts.
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JAPANESE ENCEPHALITIS

Japanese encephalitisis endemic in parts of China, India, Korea,
Nepal, Thailand, Vietnam, Kampuchea, Myanmar, the Philip-
pines, Taiwan, Indonesia, Malaysia, Bangladesh, and Sri Lanka
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and posesarisk to U.S. travelersand the U.S. military. Infection
with this mosquito-borne virus in endemic areas is common;
however, clinical disease occursinonly 1 of every 300to 1,000
infections. These clinical cases have a case fatality rate of up to
40 percent, with severe neurological sequelae occurringin 10to
30 percent of survivors. Likethe closely related yellow fever and
dengue viruses, Japanese encephalitis virus circulatesin en-
demic cycles, which periodically erupt into major epidemics.
Consequently, the incidence of infections caused by Japanese
encephalitisvirus varies substantially and ranges from 10,000 to
more than 50,000 cases worldwide per year. Estimates of about
1,000 cases per year have been reported in India, Nepal, and Sri
Lanka. An annual morbidity of 6 to 10 cases per 100,000 inhabit-
ants has been reported in heavily endemic areas, such as Viet-
nam and Thailand.

Travelers, military personnel, and others temporarily assigned to
endemic areas may requireimmunization. Exposureto Japanese
encephalitis virus hasincreased greatly with rapid economic
development of the Pecific rim countries, and the large number
of U.S. citizensvisiting thisregion. The treatment of Japanese
encephalitisis mainly supportive because antiviral drug chemo-
therapy has not been developed. In developed countries, the
control of mosquito vectors or theimmunization of host reser-
voirs has limited the spread of the virus, but these public health
measures have been difficult to accomplish in devel oping coun-
tries.

An inactivated virus vaccine exists and has been used success-
fully to reduce the incidence of Japanese encephalitisin Japan,
Taiwan, and Korea. Currently mass-produced and licensed in
Japan, the vaccine has been tested under various experimental
protocols. The vaccineis made by Biken and waslicensed in the
United Statesin late 1992. It also is distributed by Connaught
Laboratories. Thevaccine consistsof partially purified, formalin-
inactivated Japanese encephalitis virus that is propagated in
mouse brain tissue. It requires a series of three to five injections
to stimulate immunity.

A different, live-attenuated, vaccine (SA 14-14-2) hasbeen de-
veloped and tested in China. It appears to be safe and effective
inannual Chineseimmunization programsinvolving millions of
children. Efforts are underway to reconfirm safety and efficacy in
carefully monitoredtrialsininfantsand childrenfrom 1to 6
years of age, to secureinternational approval. A review of 13,000
vaccinated and control children in Chengdu Province, China,
indicated low rates of acute systemic and local side effects, and
no central nervous system infections were reported. The vaccine
isproduced in primary hamster kidney cells. Production issues
remain a problem because thisis not awidely accepted substrate
for the production and licensure of vaccinesin some countries,
and the vaccine is not currently produced under good manufac-
turing practice conditions. Further research is also needed to
determine the vaccine's thermostability, ability to revertto a
more virulent form of thevirus, efficacy in children with maternal
antibody, and immunogenicity when used in combination with
other vaccines.

NIAID currently funds several extramural and intramural projects
studying basic virological and immunological aspects of
flaviviruses. Some of the most promising molecular studiesthat
might be applied to the development of an improved Japanese
encephalitis vaccine focus on the development of full-length,
infectious Japanese encephalitis cDNAs. Information from stud-
ies using this infectious clone has been combined with se-
guence data and immunological datato yield new insightsinto
important antigenic regions on the Japanese encephalitis virion.
Furthermore, NIH has supported the development of achimeric
vaccine using yellow fever vaccine as avector carrying Japa-
nese encephalitis coat proteins. Early clinical studiesare very
encouraging.

As mentioned above, further safety and efficacy studies are
planned for thelive SA 14-14-2. In addition, SA 14-14-2isbeing
molecularly modified, using infectious clones, to produce a
vaccine that is highly stable to reversion.

Poxvirus vectors have been employed to deliver antigenic Japa-
nese encephalitis proteins to humans in phase | trials. Further
studies are needed, but these vectors induce cellular and anti-
body immunity against Japanese encephalitis.
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L yME DISEASE

Background

Lyme disease (borreliosis), which is caused by the tick-borne
spirochete Borrelia burgdorferi, was first recognized as an
infectiousdiseasein 1975. It isthe most prevalent tick-borne
infectious disease in the United States. In 2000, 13,309 cases
throughout the United States were reported to CDC. Thisrepre-
sents an 18-percent decrease from the 16,273 cases reported in
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1999. Decreases of 6 and 24 percent were reported in the New
England States (4,361 versus4,642) and mid-Atlantic States
(6,770 versus 8,902), respectively. Within the New England
States, increases were reported for New Hampshire (84 versus
27), Vermont (39 versus 26), Massachusetts (1,098 versus 787),
and Rhode Island (590 versus 546), whereas a 21-percent de-
crease (2,550 versus 3,215) was reported for Connecticut. Within
the mid-Atlantic States, another major endemic area, decreases
of 8, 15, and 54 percent were reported for Upstate New York
(3,916 versus 4,266), New Jersey (1,467 versus 1,719), and Penn-
sylvania (1,276 versus 1,719), respectively. Therewasa27-per-
cent decrease (423 versus 586) in cases reported for the East
North Central States. Increaseswere reported for Ohio (89 ver-
sus47) and Indiana (32 versus 21); however, therewasa41-
percent decrease in the number of cases reported for Wisconsin
(291 versus 407). Anincrease of 22 percent was reported for the
West North Central States (495 versus407), with a39-percent
increase in cases reported for Minnesota (393 versus 283). The
data reported for these geographic areas of the United States
represent 91 percent of all cases of Lyme disease reported to
CDC by State public health agencies.

Ticksinfected with B. burgdorferi often are co-infected with the
agents of human granulocytic or human monaocytic ehrlichiosis
(HGE and HME, respectively), aswell aswith Babesiamicroti, a
malaria-like parasite that causes babesiosis. Throughout the
United Statesin 2000, 192 and 102 cases of HGE and HME, re-
spectively, werereported to CDC. How co-infection influences
the ability to detect Lyme disease or the severity of infectionis
not known.

Current Statusof Resear ch and Development

NIAID has supported an extramural research program on Lyme
disease since 1985. The research grant portfolio has grown from
2 research grantsin 1985 to more than 48 grants and contracts at
present. It supports research on animal models of disease; mi-
crobial physiology; mechanisms of pathogenesis; mechanisms
involved in the devel opment of protectiveimmunity; identifica-
tion and characterization of virulence-associated antigens and
their use as vaccines and diagnostic reagents; vectors, vector
competence, and disease transmission mechanisms; therapeutic
approaches for the treatment of acute and chronic infection; and
the development of rapid, sensitive, and specific diagnostic
tests for Lyme disease.

On December 21, 1998, the Food and Drug Administration (FDA)
licensed LY MErix( (SmithKline Beecham Biologicals), anew
vaccine designed to block the transmission of Lyme disease by
infected ticks. The major component of thisvaccineishighly
purified, recombinant outer surface protein A (OspA), an outer
surface protein of B. burgdorferi that is produced in the midgut
of infected ticks. Immunization with LY MErix( stimulatesthe
production of antibodies specific for OspA. When atick takesa
blood meal from anindividua vaccinated with LY MErix( , it
ingests these antibodies, which then bind to the surface of B.
burgdorferi present in the midgut. As aresult, B. burgdorferi is

either killed or prevented from migrating to the salivary glands of
ticks where it can be transferred to humans to cause disease.
Thus, LYMErixO isconsidered to be atransmission-blocking
vaccine. Sinceit was shown to be 80-percent effectivein pre-
venting borreliosisin humans 15 to 70 years of age, after three
injections, LY MErix0 wasrecommended for use by thoseliving
in endemic areas where therisk of contracting Lyme diseaseis
great.

Concerns were raised by patients and clinicians about associa-
tions between the vaccine and joint pain and swelling. Thisled
the FDA to sponsor a public meeting in January 2001 to review
the product’s safety and update the advisory panel on com-
plaintsthat LY MErix(D may be linked to an untreatable type of
arthritis. At thetime, the FDA considered the link between the
vaccine and arthritis theoretical, but planned further study of
dozens of reports from consumerswho have arthritis or similar
symptoms. In February 2002, the company pulled LY MErixO
from the market, citing poor sales.

Separate studies, involving atotal of 4,087 childrenfrom4to 18
years of age, also were conducted to assess the safety and
immunogenicity of LY MErix( . Theresults showed that the
administration of 30 mg of vaccineona0-, 1-, and 12-month
schedule waswell tolerated, safe, and immunogenic. In fact, the
1gG antibody responsein children 13 months after immunization
was three times higher than that generated in the adult efficacy
study; this suggests that the higher immune response in chil-
dren should provide significant protection against Lyme disease.

Although OspA-based vaccines are effective in blocking the
transmission of Lyme disease, NIAID also is supporting basic
research to identify other vaccine candidates that, when com-
bined with OspA, will provide even greater efficacy and perhaps
longer lasting protective immunity. Among the candidates being
considered arein vivo-expressed, Borrelia-specific, virulence-
associated antigens that, unlike OspA, are capable of boosting
the anamnestic immune response soon after infection. Study
resultsindicate that B. burgdorferi decorin binding protein A
(DbpA) €licits a sustained serum antibody response that is
capable of inducing in experimental animals protectiveimmunity
against awide range of needle-inoculated B. burgdorferi sensu
stricto isolates. However, immunization with DbpA does not
appear to protect against borreliosis transmitted by infected
Ixodes ticks. This suggests that a DbpA-based vaccine may
have limited utility, and that other potential candidate vaccines
need to be examined and tested, especially under conditions that
mimic the natural transmission of infection.
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RABIES

Rabies continues to be a significant international health prob-
lem. Globally, attention has been drawn recently to potentially
significant underreporting of rabies in developing countries. In
these areas, anumber of vaccines for human use, which vary in
quality, are produced nationally and regionally, but
postexposure treatment remains costly and often beyond the
financial reach of those exposed. Moreover, such treatment must
be administered properly, requiring product and delivery infra-
structure. The need remains for economical, safe, and effective
animal vaccines suitablefor massimmunization of domestic
animalsand wildlife. Inthe United States, the continuing emer-
gence of zoonoatic rabies remains an expanding problem, espe-
cialy in the raccoon population along the east coast. About a

dozen human fatalities occur annually in the United States, and
the number of postexposure treatmentsis rapidly increasing,
with a substantial associated financial burden.

Research aimed to improve vaccinesisunderway with NIAID
support. Vaccinia recombinants continue to be studied as an oral
vaccinefor wild animals, and there are attemptsto develop a
nucleic acid vaccine for possible oral administration. To date,
largefield trials of vacciniarecombinant wildlife vaccine have
shown promise, but further studies should continue to better
establish efficacy and carefully define safe, optimal application
of the vaccine. Research on postexposure prophylaxis focuses
on devel oping a one-shot, easily administered human vaccine
and on safe, inexpensive, carefully defined rabies virus-specific
immunoglobulins. Although not now available, an antiviral drug
against rabies might be useful for postexposure prophylaxis.

Interestingly, in the United States and Canada, many recent
human victims did not report abite by apotentially rabid animal,
or reported only limited exposure to bats. In many of these
cases, the virus isolated was related to the strain found in silver-
haired bats. It is thought that this bat is becoming an increas-
ingly significant reservoir for rabiesin the United States and that
its bite often might go unnoticed. However, some health officials
have questioned whether exposure might have occurred by
inhalation of bat excretions. Although the guidelines for com-
mencing postexposure treatment are well established for expo-
sure to domestic animals, updated guidelineswill have to be
developed for exposureto wildlife, particularly bats. Recently, a
bat-associated lyssavirus similar or identical to rabies has been
identifiedinAustralia, apreviously rabies-free area.
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YELLOW FEVER

Yellow fever wasfirst distinguished from other tropical febrile
diseases during the 1647 to 1649 epidemicsin the Americas.
Since then, it has caused periodic epidemicsin the Americas and
Africa. Theyellow fever virusis mosquito borne, and in humans
produces a clinical disease that starts with the sudden onset of
acute fever followed by a second phase of hepatorenal dysfunc-
tion and hemorrhage. Reported mortality ratesvary widely from
20to 80 percent of all cases.

During thelatter half of the 20th century, yellow fever circulated
in an endemic sylvatic cycleinthe Americas, usually infecting
up to 500 unvaccinated forest workers per year. In contrast,
yellow fever in Africaperiodically explodesfromitsendemic
cycletoinfect large numbers during major epidemics. The highly
successful mosquito eradication campaigns of the early 20th
century effectively eliminated urban yellow fever epidemicsin
South Americaand limited persistence of the virusto amonkey-
mosquito cycle in jungle areas. However, the disease now ap-
pearsto be slowly reemerging from the forest into those parts of
South America where the vector A. aegypti has reinfested urban
aress.

In thelate 1980s, the total number of cases of yellow fever
worldwide (with casefatality rates of about 50 percent) repre-
sented the greatest number reported to WHO during any 5-year
period since 1948. Numerous studies showed that in Africa, only
asmall number of casesof yellow fever arereported. [ronically,
1988 marked the 50th anniversary of the devel opment of the
attenuated vaccine for yellow fever¥sa safe and effective vaccine
for this disease.

The 17D yellow fever vaccine was one of thefirst viral vaccines
to be developed. It is alive-attenuated vaccine that is produced
in eggs. After one injection, the vaccine induces protective

immunity in more than 98 percent of vaccineesfor aperiod of at

least 10 years. In fact, protection may be lifelong because neu-
tralizing antibodies have been detected aslong as 40 years after
immunization. The vaccineisone of the safest viral vaccines
produced. Since 1965 alone, approximately 300 million doses of
yellow fever vaccine have been administered. About 2 to 5 per-
cent of individual s report mild headaches, myalgia, and low-
grade fever after vaccination; lessthan 1 percent report altering
their usual activities. The frequency of anaphylaxis attributed to
yellow fever vaccineisapproximately 1in 130,000 vaccinees, and
other severeillnesses attributed to yellow fever vaccination
(including encephdlitis, primarily ininfants) arerare. From 1945
through 1989, only 17 cases of encephalitis associated with
yellow fever immunization (1 fatal in a3 year old) werereported
worldwide. Because all but three of these cases occurred in
children immunized at 4 months of age or younger, areview by a
panel of experts recommended that the yellow fever vaccine not
be given before 6 months of age.

However, recently there have been a series of reports of
multiorgan system failure (M OSF) associated with yellow fever
vaccination. Two Brazilian residentsbecameill after receiving
17D yellow fever vaccine administered during a 1999/2000 immu-
nization campaign initiated in responseto alocal yellow fever
epidemic. Between 1996 and 2001, five other personsbecameill
after receiving 17D-204 yellow fever vaccine administered for
international travel. All seven personsbecameill within2to 5
days of vaccination and required intensive care; six died. None
had documented immunodeficiency. MOSF associated with
yellow fever vaccination was not reported before 1996. The
frequency of febrile MOSF after vaccination with 17D inthe
United Statesduring 1990 to 1998 isnow estimated at 1 in
400,000 doses.

Over the past 40 years, two vaccine-based control strategies
have been attempted in Africa. The first consists of routine
immuni zation, whereas the second involves emergency control
measures that are implemented after the start of an outbreak. A
routine, mandatory yellow fever immunization programwas
begun in the early 1940s in French West Africa; asaresult, the
recurring pattern of epidemicsin West Africa has been inter-
rupted. However, this strategy was abandoned in 1960 when a
postoutbreak, fire-fighting type of emergency immunization and
control strategy was adopted. Since then, there has been a se-
ries of epidemics of varying severity. In recent years, with the
hel p of the WHO Expanded Programme on |mmunization (EP!),
moreAfrican countries have apparently, at least partialy, incor-
porated the yellow fever vaccineinto their immunization pro-
grams. Most give the yellow fever vaccine and measles vaccine
to children at 9 months of age because the simultaneous admin-
istration of the vaccines has been shown to be acceptable. Re-
cently, the Global Advisory Group for WHO-EPI reviewed the
status of yellow fever and recommended that all 31 nationsin
the yellow fever endemic areaincorporate the vaccineinto their
routineimmunization programs.
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In South America, yellow fever control strategies have been
primarily based on reducing mosquito vectors by altering their
breeding environment. Extensive studies on the maintenance of
yellow fever virus have shown that the virus existsin two
cycles: An urban cycle involving humans and A. aegypti mos-
quitoes, and asylvatic or jungle cycle involving forest primates
(principally monkeys) and forest canopy mosquitoes, with hu-
man infections tangential to the transmission cycle. In the West-
ern Hemisphere, A. aegypti mosquitoes were the sole transmit-
tersof urban yellow fever. In 1901, eradication efforts directed
toward A. aegypti mosguitoes were launched under the direction
of Dr. William Gorgasin Havana. These eradication efforts, with
concomitant reduction of yellow fever, were extended through-
out Central and South Americainthe early 1900s. The eradica-
tion program successfully broke the chain of urban A. aegypti-
transmitted yellow fever. The eradication of the vector, and the
subsequent reduction of urban yellow fever casesin the Ameri-
cas, represents one of the world’s most successful public health
campaigns against an infectious disease. Unfortunately, A.
aegypti has now reinfested most of South and Central America
and occupies habitats just adjacent to the areas where endemic
yellow fever transmission occurs. A major threat isthat this
species could transmit yellow fever in an urban cycle. The Pan
American Health Organization (PAHO) ismonitoring the need
for incorporation of yellow fever immunization into the EPI pro-
gramsin South America. Some authorities believe serious con-
sideration should be given to expanding yellow fever immuniza-
tion in South American EPI programsin an attempt to prevent
the reemergence of urban yellow fever.

TheEPI program providesan excellent way to deliver yellow
fever vaccines to alarger population at a reduced cost; however,
despite the fact that the current yellow fever vaccineis an excel-
lent public health tool, further studies are needed to better de-
fineitsrolein controlling yellow fever. In the past, the amount of
vaccine avail able has been alimitation. The number of surviving
infantsin the 1990sin the countrieswhere yellow fever isa
potential risk isapproximately 18 million. Although thevaccineis
made in anumber of developing countries, including Senegal
and Nigeria, only about 6 million doses are produced yearly in
Africa. Newer technology, combined with efficient technol ogy
transfer, might help solvethe problem of availability. The devel-
opment of acell culture-produced vaccine might result inin-
creased vaccine production. One recent study of vaccine ther-
mostability showed that further work on stabilizing the yellow
fever vaccine is needed because only 5 of 12 manufactured lots
met the WHO criteriafor vaccine thermostability. Moreresearch
is needed on the safety of combining this vaccine with other
vaccinesinamultiple-dose regimen for immunization.

NIAID currently funds several extramural and intramural projects
studying basic virological and immunological aspects of
flaviviruses. Some of the most promising molecular studies that
might be applied to the devel opment of an improved yellow
fever vaccine focus on the devel opment of afull-length, infec-

tiousyellow fever cDNA. Information from studies using this
infectious clone has been combined with sequence data and
immunological datato yield new insightsinto important anti-
genic regions on the yellow fever virion. It is hoped that this
research will yield efficient and less costly ways to manufacture
safeflavivirusvaccines. At aminimum, aclone-derived vaccine
seed virus might reduce yellow fever vaccine production lot
diversity, improve quality control, and reduce the need for vac-
cine safety testing in primates.
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WEesT NiLE FEVER

Theidentification of West Nilevirus (WNV) in New York inthe
summer of 1999 wasthefirst time the mosqguito-borne microbe
had been detected in the Western Hemisphere. Until then, the
virus had been found chiefly in Africa, Eastern Europe, the
Middle East, and Asia. Since 1999, WNV has been reported in an
ever-growing number of States within the United States. From
1999 to 2001, therewere 149 confirmed casesof WNV inthe
United States, including 18 deaths. To date in 2002, the number
of confirmed cases and deaths in the United States already
exceed these numbers. Although infection with WNV usually
causes only mild symptoms in humans, it can spread to the
central nervous system and cause a potentially deadly brain
inflammation called encephalitis, most common among the eld-
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erly. Currently, no treatment isavailablefor WNV encephalitis,
and no licensed vaccine exists to prevent the disease. Mosquito
control has been the only available strategy to combat the rapid
spread of this emerging disease, but effective spraying is diffi-
cult to carry out in urban areas.

Faced with the potential for aseriousWNV epidemic, NIH-
supported researchers started to develop a vaccine that protects
against infection with the virus. Basic research on newly emerg-
ing microbes has enabled rapid progress in the development of a
WNV vaccine. In addition, WNV vaccine devel opment has
benefited from the fact that WNV belongs to the group of vi-
ruses known as flaviviruses, which have many characteristicsin
common. These similarities have allowed scientiststo build on
earlier discoveries about other flavivirusesthat are closely re-
lated to WNV, including Japanese encephalitisvirus, t. Louis
encephalitisvirus, yellow fever virus, and dengue virus.

There has been great success controlling yellow fever and Japa-
nese encephalitis with well-organized vaccination campaigns
centered on an efficacious vaccine. Therefore, NIH encouraged
similar WNV vaccine devel opment programs.

Importantly, NIH-supported basic research studies discovered
that hamsters, and to alesser extent mice, were good modelsfor
West Nile disease. NIH-supported researchers at the University
of Texas Medical Branch, Galveston, conducted a series of pre-
liminary experimentsto learn more precisely the degree of pro-
tection that candidate WNV and other licensed flavivirus vac-
cines might have against WNV. Researchers found that hamsters
were completely protected by prototype WNV vaccines, and
surprisingly, at least partially protected by Japanese encephalitis
and yellow fever vaccines. Thus, this new model isan important
resource that could be used in the development of WNV vac-
cinesto test the efficacy of a new vaccine candidate (or a new
antiviral medicine).

NIH is supporting a number of vaccine approaches. One of the
earliest was started in 1999 when NIH funded afast-track project
to develop acandidate WNV vaccine with Acambis, Inc. Since
then, scientists have developed a prototype vaccine that has
shown promise in animal tests. The vaccine is constructed using
vaccine licensed for preventing yellow fever (caused by another
flavivirus) asthe backbone. For WNV vaccine, researchers
substituted the surface protein of WNV for the deleted yellow
fever virus protein. Thismethod of creating chimeric flavivirus
vaccinesis aso being applied to developing a vaccine for den-
gue and Japanese encephalitis virus. The Acambis, Inc., vaccine
has undergone preclinical evaluationsin hamsters, mice, mon-
keys, and horses with encouraging results. The company is
moving forward with phase | trials. Vaccineisnow being pro-

duced and an investigational new drug application will befiled
withthe FDA. Trialsare anticipated to beginin early 2003.

Other NIH scientistsand collaboratorsfrom WRAIR capitalized
on recent advances in recombinant DNA technology and previ-
ous research on another flavivirus—dengue virus—to produce
anew candidate WNV vaccine. The NIH team already had tested
successfully a strategy that used the new technology to replace
key genes of different flaviviruses with those of dengue virus
type 4 (DEN4). Unlike many flaviviruses, DEN4 does not cause
diseasein the brain. The resulting weakened, or attenuated,
virus strains were safer for use in avaccine but still protective.
The NIH-WRAIR research team then used this strategy to com-
bine genesfrom WNV and DEN4. Thishybrid virusdid not
infect the brain, yet still stimulated a strong immune response
with even asingle dose. When tested in mice, the hybrid vac-
cine protected all animalsagainst lethal WNV infection. The
findings from these studies provide the basis for pursuing the
development of aWNV vaccine. The next step for the NIH-
WRAIR research team isto test the promising hybrid vaccinein
monkeysin late 2002. Progressto vaccinetrialsin humansis
expected to be rapid because one of the dengue viruses used to
construct the hybrid virus already has been proven safein
people.

Early studies are also underway by other NIH-supported scien-
tists on a DNA vaccine approach and a protein vaccine ap-
proach.
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Viral Hepatitis l

OVERVIEW

In spite of many advancesimpacting overall health worldwide,
infection, disease, and death from hepatitis viruses continue
into the 21st century. Twenty years ago, only three viral causes
of acute and chronic hepatitis had been identified (hepatitisA,
B, and D), with serologic assaysin use to protect patients from
exposure by transfusion. Even then, physicians were address-
ing unidentifiableinfections as non-A non-B. Patients with non-
A non-B weretreated with interferon alpha (IFNa) therapy prior
to the laudable discovery in 1988 by Chiron investigators of the
principal cause of blood-borne, non-A non-B, hepatitis C. Un-
ableto identify the virusdirectly, hepatitis C was genetically
cloned out of the plasma of anon-A non-B patient. New techno-
logical advances had facilitated this and future non-A non-B
discoveries.

Five distinct viruses are the known etiol ogic agents for hepati-
tis, leading to fatigue; jaundice; liver damage; and, in chronic
cases, cirrhosis and even liver cancer. HepatitisA is transmitted
fecal-orally, and outbreaks of this acute infectious agent are
common at daycare centers, nursing homes, and restaurants
where inappropriate food handling might occur. Hepatitis B
virus (HBV) and hepatitis C virus (HCV) are blood-borne agents
and may cause chronic diseases. The infections produced by
HBYV are more likely to be symptomatic and to resolve spontane-
ously. Theinfections produced by HCV have a high chronicity
rate at all agesand arefar morelikely to be asymptomatic, de-
spite ongoing liver disease. Until recently, the only licensed
therapy for either hepatitis B or hepatitis C was |FNa, which has
low success rates for both diseases. Infection with hepatitis D
virus (HDV) isdependent on co-infection with HBV, and may
lead to life-threatening superinfections. HepatitisE virus (HEV),
like hepatitisA virus (HAV), istransmitted viathefecal -oral
route and produces an acute illness associated with a high
mortality ratein pregnant women. Hepatitis E isreported prima-
rily in developing countries; however, the Centers for Disease
Control and Prevention (CDC) has determined by serologic
screenings that more than 1 percent of the U.S. population has
been exposed to hepatitis E.

In addition to these agents, there are some other viruses associ-
ated with hepatitis that have been identified. Hepatitis G virus
(HGV) [or GB virusC (GBV-C)] isaflavivirus, related to HCV. It
is a blood-borne agent that produces chronic carriage, but to
date it has not been associated with a specific disease. Another
similar virus, transfusion transmitted virus (TTV), isfoundin
about 7 percent of healthy blood, aswell asin patients with
hepatitis as a co-infection. It is assumed to be transmitted via
the fecal-oral route and has yet to be associated with a specific
disease. An additional virus, SEN-V, hasbeenisolated from a

patient with acquired immunodeficiency syndrome (AIDS), and
does appear to produce hepatitis.

Severa notable advances have been made in the structural
biology of hepatitis viruses. The structure of the core protein of
hepatitis B, amolecul e that does not crystallize and was there-
fore incapable of being studied by x-ray crystallography, was
determined by electron cryomicroscopy. Two groups have pub-
lished reports on the x-ray structure of the hepatitis C
nonstructural NS3 protease, which isimportant for viral replica
tion and isatarget for antivirals. At least five companies are
presently working oninhibitorsfor the HCV protease. Finally,
researchers identified the structure of the helicase of hepatitis C,
an enzymethat is needed to uncoil theviral RNA and alow it to
make a copy of itself for reproduction.

A novel tissue culture hepatitis C model, replicating only the
nonstructural proteinsin high numbers, may allow testing of
targeted antivirals. The transgenic potato hepatitis B vaccineis
in clinical trials. Due to possible associated adverse events, the
safety of licensed hepatitis B vaccines for neonatesis also un-
der scrutiny. Meanwhile, the identification of anew hepatitis
virusmay explain remaining non-A-E,G chronicinfections.

HepPATITISA

HAV accounts for about 55 percent of acute hepatitis casesin
the United States, with the highest incidence in the Southwest.
Thereareapproximately 132,000 cases per year, with elevated
rates among Native Americans, Hispanics, peoplein low socio-
economic levels, and people practicing risky lifestyle behaviors.
Ratesin males are 20-percent higher than infemales, and preva-
lence of exposure (antibody to HAV) rangesfrom 11 percentin
persons less than 5 years of age to 74 percent in persons more
than 50 years of age. Most of the symptomatic diseaseisseenin
10- to 30-year-old patients. Person-to-person contact, or sexual
contact with a person infected with HAV, accounts for most
transmissions; but there is a viremic phase during acute infec-
tions when blood-borne transmission is possible. Asymptomatic
infection is common below the age of 2, but becomes less com-
mon with increasing age. Fulminant disease may befatal, and
accounts for 70 to 80 deaths per year among those between the
ages of 30 and 49. Work-loss costs associated with acute HAV
infection in the United States are $200 million (1991) each year.

Natural immunity levelsin the United States have undergone a
significant declinesince 1980, and are currently inthe 21- to 33-
percent range. Two formalin-killed, licensed HAV vaccinesare
available for adults and children morethan 2 years of age—
HavrixO (SmithKline Beecham Biologicals) and VagtaO (Merck &
Co., Inc.). HavrixO and VagtaO containinactivated viral particles
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(HM 175 and CR326F strains, respectively) produced ininfected
human diploid fibroblasts. Although hepatitis A outbreaks occur
globally, thevaccinewasinitially marketed asatraveler’svac-
cine. Areasin the United Stateswhere HAV outbreaks commonly
occur are also targeted. Thelicensing in May 2001 of anew
combination HAV/HBYV vaccine called TwinrixO by
GlaxoSmithKline offersahighly protective vaccinewith fewer
injections for those 18 years of age and older. HepatitisA and B
vaccines are strongly recommended for patients with hepatitis C,
to prevent harsher disease burdens.

HeraTITISB

HBYV infectionskill 4,000to 5,000 Americanseach year, and 1
million peopleworldwide. Approximately 300 million people
worldwide have chronic hepatitis B infections, with endemic
areasprimarily inAsiaand Africa. HBV ishighly contagious[100
timesmore con-
tagious than
human immuno-
deficiency virus
(HIV)] and, like
HAV, iscapable
of producing
fulminant dis-
ease. Itishighly [«
transmissible ‘
fromHBV-posi- -
tive mothersto
their newborns.
About 25 percent of infected adults become chronic carriers, and
20 percent of those patients develop cirrhosis or liver cancer.
Perinatal infection of infants has a much higher chronicity rate of
70 percent, resulting in a higher rate of subsequent cirrhosis and
liver cancer. Each year, an estimated 20,000 infantsare born to
hepatitis B surface antigen-positive women in the United States.
From 200,000 to 300,000 new HBV infections have been reported
in the United States annually for the past decade. Annually,
hepatitis B accountsfor 60,000 hospitalizations and 5,000

deaths, for atotal yearly cost of $800 million, excluding the cost
of transplantation for end-stage liver disease. It is estimated that
thereare 1 millionto 1.25 million chronic carriersof HBV inthe
United States.

lfr
i

Hepatitis B Virus

Vaccines were devel oped for hepatitis B, a chronic blood-borne
and highly transmissiblevirus, starting in 1981 with thelicensing
of aplasma-derived vaccine called HepatavaxO. Infants born to
hepatitis B-positive mothers wereimmunized at birth to prevent
transmission during birth. An added benefit was that vaccina
tion against hepatitis B also protected against superinfection
with HDV. Although HepatavaxO was highly protective against
hepatitis B, improved recombinant vaccines promoting antibod-
ies to the outer envel ope protein of the virus were licensed—
Recombivax HBOby Merck, Sharp & Dohme (June 1986) and
Energix-BO by SmithK line Beecham Biologicals (August 1989).
Both vaccines use athree-dose regimen at 0, 1, and 6 months.

Initially, no plan was enacted to target at-risk populations, but
that changed when the Government promoted universal child-
hood HBV vaccination.

Asof 10 years ago, most infants in developed countries begin
their HBV immunizations at birth. Success of thispolicy has
seen dramatic reductionsin transmission to children in high-risk
populations, such as in Taiwan, where there is alarge burden of
disease with chronic hepatitis B. Cancer incidencein 6- to 9-
year-olds also dropped from 0.52 percent to 0.13 percent. A
study of high-risk Taiwanese infants demonstrated that anti-
body levels remained high for at least 10 years, suggesting that
booster doses would not be needed.

There have been delays and sethacksin universal immunization
in the United States and abroad due to concerns about side
effects and possible overexposure to a mercury-based preserva
tive. In July 1999, the Association of American Physicians and
Surgeons called for animmediate moratorium on mandatory
hepatitis B vaccines for school children, pending further research
on serious side effects. In the same month, the American Acad-
emy of Pediatricsissued precautionary recommendationsto
delay initiation of hepatitis B vaccination in healthy newborns
dueto possibleill effects of early exposure to the common vac-
cine preservativethimerosol. Thelevel of HBV vaccinationin
infants fell significantly as aresult of these concerns, and
thimerosol is being removed from childhood vaccines.

HepaTITISC

Infection with HCV accountsfor about 12 percent of the acute
viral hepatitisin the United States. Approximately 35,000 cases
occur annually (declining over the past decade from 180,000),
with about 85 percent of those infected becoming chronic carri-
ers, at atotal yearly cost of $600 million, excluding transplants.
Most carriers are asymptomatic. Many cases of hepatitis C can
be attributed to the 1 million blood transfusions administered
before 1990, from which an estimated 290,000 Americans became
infected. A look-back study is currently alerting these patients to
the potential risk. Most cases of HCV infection occur among
young adults (especially injecting drug users); although among
adults more than 40 years of age, HCV is often the most common
cause of acute hepatitis. Sexual transmission may account for as
many as 20 percent of the cases. No risk factor can be identified
for 10to 30 percent of HCV carriers. Each year thereare 8,000 to
10,000 deaths and 1,000 transplantations dueto HCV infections.
The current estimate, based on random serol ogic screenings of
morethan 21,000 serum samples, isthat 3.9 million Americansare
chronically infected with HCV—1.8 percent of the popul ation—
with higher ratesamong African Americans (8 to 10 percent),
who are also more refractory to current therapies. Hemodialysis
patients and hemophiliacs are at exceptionally high risk, and
noninvasive person-to-person transmission has been docu-
mented. The World Health Organization (WHO) estimatesthat 3
percent of the world's population has been infected, and that
thereare 170 million chronic carriersat risk of developing liver
cirrhosisand/or liver cancer.
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Several investigators have reported arelatively high efficiency
vertical transmission of HCV from motherswho were co-infected
with HIV. Other mgjor studiesin the United States and Europe
havefailed to demonstrate transmission from HCV-positive
mothers. Risk factorsfor transmission, which is assumed to
occur in utero, include ahigh HCV RNA level in the mother, and
the presence of specific HCV variants. Results of a study of
infants born to HCV-infected mothers demonstrated biochemical
featuresof liver damage (ALT abnormalities) during thefirst 12
months of life, although HCV-associated liver diseaseislikely to
be mild throughout infancy and childhood. Multivariate analy-
sesof risk factorsfor cirrhosisand/or liver cancer with HCV
infections demonstrated that increased age, male gender, and
excessive alcohol consumption were all important factors. Addi-
tional risk factorsfor cancer were hepatitis B antibody positivity
and HCV genotype. There was no relationship between the
development of liver cancer and serum HCV levels.

Although HCV istheleading cause of chronic viral hepatitisin
the United States, a vaccine has been difficult to develop be-
cause of extensive genetic and possibly antigenic diversity
among the different strains. New variants known as quasi-spe-
ciesarise quickly and frequently, thus allowing escape from
neutralizing antibodies and cytotoxic T lymphocytes. Amino
acid changes frequently observed in aregion of about 27 amino
acids, termed the hypervariableregion 1 (HVR1), whichislo-
cated at the amino terminus of the hepatitis C envelope protein
E2, are postulated to lead to this viral escape from neutralizing
antibodies. The identification of this most variabl e region of
HCV, theHVR1, asacritical neutralization domain posesamajor
challenge for the development of abroadly reactive vaccine
against HCV. Early vaccine studiesin chimpanzees using recom-
binant envel ope glycoproteins showed limited protection upon
challenge with the same virus. DNA vaccines are now being
tested in chimpanzees, using envelope as well as core protein
constructs. Virus-like particles (VL Ps) made up of structural HCV
proteins have been produced successfully in insect cells and
may serve asapotential vaccine model. Ribozymes, catalytic
RNA moleculesthat bind specifically to target RNA by an
antisense mechanism, are also being tested as a possible strat-
egy for thetreatment of HCV infection.

Tissue culture modelsor small animal models of infection are
needed to study the infection process and for testing drugs and
vaccines. Currently, atissue culture model of aportion of the
HCV genomeisthe best characterized HCV model, but aninfec-
tion model would be more useful. The chimpanzee remainsthe
only HCV infection animal model. Also, there are no good corre-
lates of immunity. Even though infection by HCV generates
antibodies, none of these are capable of resolving or neutralizing
theinfection. A vaccine, to be successful, will need to launch
strong antibody responses as well as cytotoxic T lymphocyte
and T helper lymphocyte responses. In addition, HCV is charac-
terized by constant immune evasion by continuous development
of variant HCV species. HCV, like many RNA viruses, generates
alot of mutations, thus making amoving target for vaccine

design. Thereare 6 HCV genotypes and more than 100 sub-
types.

Potential HCV vaccine candidates that are currently under devel-
opment include recombinant proteins (principally, the structural
proteins such asthe viral core protein or the two viral envelope
glycoproteins), recombinant viruses, DNA constructs, synthetic
peptides, and VL Ps. Various vaccine candidates have been
shown to generate antibody-producing and cellular immune
responsesin animals, primarily in mice. However, the efficacy of
most vaccine candidates in protecting against HCV has not been
tested because the chimpanzee, the only animal other than hu-
mans that is susceptibleto HCV, is endangered, is not readily
available, requires special facilities, and isvery expensive.

HepraTITISD

Theprevalence of HDV infection doesnot parallel that of HBV,
although it is dependent on HBV for itstransmission. It ishigh-
est in those individuals with repeated percutaneous exposures,
including intravenous drug users and hemophiliacs. Perinatal
transmission israrely reported (as yet undocumented in the
United States). An estimated 70,000 peopl e (4 percent of HBV
cases) in the United States have chronic hepatitis D. There are
7,500 infections each year, and about 1,000 peopledieannually
of HDV infections. There arethree genetically different types:
Type 1 isfound worldwide, type 2 in Southeast Asia, and type 3
in northern South America. Vaccination against HBV prevents
infection by HDV. Asyet, there are no proven therapies for co-
infectionwith HBV and HDV.

HeraTITISE

Like hepatitisA, hepatitisE istransmitted fecal-orally, causing
acute hepatitis principally seen in young adultsin Asian or
African countries. Surprisingly, about 2 percent of the global
population carries antibodies to hepatitis E. It is considered a
zoonotic diseasein that it iscommonly found in pigs, rats,
sheep, monkeys, cattle, and ducks. The actual isolation of the
virus from patient stools occurred in 1990. It was subsequently
cloned and sequenced with the immunogenic ORF2 peptide
being developed for vaccines. Successful passive and active
immuni zation was demonstrated against hepatitis E challengein
monkeys, and currently a couple of vaccinesarein phasell
clinical trialsin endemic regions.

HEV infectionsarerarein the United States, but do pose arisk
to persons who travel overseas to endemic areas. CDC devel-
oped amosaic protein enzyme immunoassay that, based on
antibody titers, showed a 3-percent rate of recent exposure to
HEV inacohort of randomly screened patients, none of whom
had traveled abroad, in four geographic areas of the United
States. A 1.2-percent rate of previous exposure among the U.S.
population was also determined. There is a high seroprevalence
among renal transplantation and hemophilia patient populations.
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Viral Hepatitis

In Nationa Institute of Allergy and Infectious Diseases (NIAID)
studies conducted at the National Institutes of Health (NIH),
cynomolgus monkeyswere partially or completely protected
against infectionwith HEV by passive and activeimmunization.
Convalescent serum was used for the passive immunization, and
arecombinant 55-kilodalton open-reading frame 2 protein known
to induce antibody formation was used for the active immuniza-
tion. These results pointed the way toward development of a
vaccine, but so far none has been licensed.

HepPaTITIS G OR HEPATITIS GB VIRUS-C

Much progress has been made in analyzing, sequencing,
serotyping, and determining the prevalence of the blood-borne
HGV and GBV-C. Discovered by Genelabs and Abbott L aborato-
ries, respectively, these two viruses are now assumed to be
different isolates of the same virus and are distantly related to
another flavivirus, HCV (only 25-percent homology). Studies of
stored serum specimens show that these viruses are not new.
Their identification has awaited new methods of detection. They
are endemic worldwide, though their potential for disease pro-
duction remainsunclear, asmost carriers are asymptomatic.
Cases of fulminant hepatitis have been linked to these agents;
however, they are not generally considered to be a cause of non-
A-E hepatitis. Multiple strains of HGV/GBV-C have been found
in dialysis patients, and the virus is common in transplantation
settings. It isfound in 10 percent of injecting drug users. HGV/

GBV-C infection has often been associated with co-infection
with certain strainsof HCV (types 1a, 1b, and 3), but this addi-
tional infection does not seem to affect the patient.

OTHER HEPATITISVIRUSES

Four percent of acute cases of hepatitis are currently classified
asnon-A-E,G A few yearsago, anovel fecal-orally spread form
of hepatitis was named hepatitis F by a French team of research-
ers. No subsequent publications have appeared about hepatitis
Fvirus (HFV), but asecond publication did refer to anovel
hepatitis agent being detected from a screening of HEV-infected
serafrom an epidemic in the Andaman Islands.

TTV, anon-enveloped DNA virusdiscovered initially in apatient
with hepatitis, appearsto befollowing asimilar pathasHGV/
GBV-C. Itisstill too early to determinewhether itisadirect
cause of hepatitis or merely a confounding co-infection.

Using an unusua “degeneration” technique for screening, re-
searchersin Italy have isolated a potential hepatitis agent from
the blood of immunosuppressed HIV patients. The new virus
that wasisolated was called SEN-V after the patient fromwhom
it came. Extensive verification under code, as yet ongoing, found
SEN-V inahigh percentage of previously unclassified hepatitis
patients and in low numbers of healthy controls. The data are
premature, but promising.
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National Institute of Allergy and Infectious Diseases
ACCELERATED DEVELOPMENT OF NEW VACCINES

In the fall of 1980, the Secretary of the Department of Health and Human Services accepted the
recommendation of the HHS Steering Committee for the Development of a Health Research Strategy
that an NIAID proposal for the “Accelerated Development of New Vaccines” be added as one of four new
initiatives to 11 prior initiatives identified in December 1979. The 15 initiatives then constituted the
Department’s proposed initiatives for FY 81. The purpose of the NIAID initiative is to develop within
DHHS a clearly-identified, coordinated, and recognized approach to the further conquest of vaccine-
preventable disease. The incentive for an expanded effort lies in new knowledge and processes emerg-
ing from recombinant DNA and hybridoma technology and in the better understanding of the workings of
the immune system. The goal of the initiative is to expedite the availability of needed vaccines by select-
ing a few candidate vaccines for extra research and development efforts. Studies are in progress on
more than 50 vaccine antigens for over 30 different bacterial, viral, and parasitic diseases, the majority of
these studies being dependent on investigator-initiated projects. With the assistance of existing advi-
sory committees and “state-of-the-art” reviews by workshops, and in coordination with the HHS Inter-
agency Group to Monitor Vaccine Development, Production and Usage, and with enhanced and col-
laboration with industry, efforts will be made to bring a few selected, high priority candidate vaccines into
use several years earlier than might otherwise be the case.

The first step toward implementation of the Institute’s initiative was taken in the fall of 1981 when the
professional staff of MIDP met for a three-day review of the status of NIAID’s vaccine development pro-
gram, and reached a consensus as to those vaccines that should be assigned priority for accelerated
development. Following review and discussion of over 30 agents or groups of agents, excluding influ-
enza, the staff updated three developmental listings: (1) development completed; ready for expanded
clinical trials; (2) encouraging progress made; further development needed; and (3) early development;
basic studies in progress. Concurrently, the agents were placed in three categories for phased, sequen-
tial study: (1) diseases for which safe, effective vaccines do not now exist, but that result in high morbid-
ity, mortality or socio-economic costs in the U.S. population in general; (2) diseases of importance to
special subsets of the U.S. population; and (3) diseases of importance to less technologically advanced
nations.

The diseases were next ranked according to priority of need in the U.S. and developing countries,
and then ranked according to technical feasibility and the prospects for accelerated development using
new and emerging technology. A consensus was reached as to how these rankings should be inte-
grated. On this basis, MIDP staff assigned priority to ten agents or agent pairs, five for use in the U.S. and
five for use in developing countries, as follows:

For U.S. International
1. | Haemophilus influenzae, 1. [ Malaria
2 | Gonococcal 2 | Typhoid / E. coli
3. | Parainfluenza/RSV 3. | Leprosy
4. | Pertussis (improved) 4. | Streptococcal, Group A
5. | Rotavirus 5.| Shigella

Priority has yet to be assigned to limited use vaccines for special populations.

The proposed initiative called for a review of potential vaccine-preventable diseases from the
standpoint of socio-economic and medical needs and for an assessment of the cost/benefit ratios of
vaccines for each of these diseases. In the fall of 1982, the Institute of Medicine was asked to undertake
this review and evaluation so as to assist NIAID in setting priorities for development and to develop for
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NIAID a new model system for the decision-making process that can be applied to the setting of priorities
in the future. To date (November 1982), workshops have reviewed three of the five high priority domestic
candidates: improved pertussis, Haemophilus influenzae, and the parainfluenza/respiratory syncytial
viruses. A workshop on gonococcal vaccine is planned for FY 1983.

A table summarizing the status of the NIAID vaccine development effort as of October 1982 is
provided as Attachment 1.  Brief descriptions of progress in the development of some of the more
promising vaccines are included in Attachment 2.
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BACTERIAL VACCINES (cont.)

1041782

Number of _
Preparations Animal Model Studies Human Trials
Agent Type of Vaccine Available Antigenicity Efficacy Antigenicity Efficacy
Fseudomonas Palysaccharida 7 IP IP P P
LPS (heptavalant) 1 IP P P P
Cell wall extract 1 IP P P P
RMSF Inactivated (whole arganism) 1 IP IF C c
Cell component preparation 1 P IF DR DR
M protein synthetic peptides
isome preparations linked to
Streplococcus polylysine or tetanus toxiod
Group A Carriers) 9 IP IF DR DR
Streplococcus Palysaccharids 6 C IP IP DR
Group B Palysaccharide-protein complex 2 C IF P DA
Streplococcus
pneumonize 14-valent polysaccharide 1 MNA MA IP* MNA
Vibria cholerae Inactivated
Oral (El Tor-Inaba-Ogawa,
Phenal-alcohol) 1 C ] c P
B Subunit 1 C C C NTED
Whale cell + B subunit 1 c IP c P
Paracholeragenocid 1 C c C P
Flagella Sheath 1 c c DR DR
Outer membrane Proteins 3 c MNTBD DR DR
Lectin —protease 1 C NTED R DR
Attenuated
B+A - Texas Star 1 C C C C
B+A — Baltimore Bullet 1 IP P DR DR
B+# — Mechalonis Strain 1 IP IF DR DR
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FUNGAL VACCINES
Number of _
Preparations Animal Model Studies Human Trials

Agent Type of Vaccine Available Antigenicity Efficacy Antigenicity Efficacy
Coccidigidas imitia Mycelia cell wall antigen i IP IF F o

Spherule cell wall antigen 1 P IF P P
Malaria Gameles 1 P IF DR DR

{live organisms)
Agexual strateqy 4
(iradiated merozoites)
(killed merozoites) P P DA DR
{merczeite’schizont antigen)
(sporozoite antigen)

Schistosoma Irradiated larva stages 1 P IF DR DR

Man-specific immune stimulation {7 IP IF DR DR
Toxoplasma Attenuated strains {7 IP IF DR DR
Trypanosoma MNumerous vanant derved

Ceall surace glycoprotein praparations P OR DA DR

Promastigote membrane
Leishmania antigens {7 IP DR DR DR

uoday ueplor eulbliQ v xipuaddy
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VIRAL VACCINES

104182

Mumber of _
Pr&paratiuns Animal Model Studies Human Trials
Agent Type of Vaccine Available Antigenicity Efficacy Antigenicity Efficacy
Cytomegalovirus Attenuated 1 C L 1S NTBD
Hepatitis B Subunit, inactivated 6 G(2) c{2) Ci4) IP(2)
Polypeptide, chemically
synthesized 1 IP P DA DR
Hepatifis A Attenuated 2 IP IP MNA NA
Influenza A & B Subunit 2 CiB) P(2) ci2) NTBD
IP{2)
Attenuated (ts and cold-adaptad) [ C{10) c{m
IP(8) c(1) IP(2) Pl4)
P(5) P{7)
Inactivated (whole virus)
Licensed 4] MA Iy 4] P{1)
Parainfluenza
Virus 3 Subunit IP NA MA A NA
Rabies Killed, whale virus 1 c c C c
Rotawvirus Live, human sirain
WA 1 c c P DR
(] 1 P P DR DR
DSl 1 P P DR DR

Varicella Attenuated 1 CNACIP

C = Completed
IP = In Progress
F = Planned

MTED = Needs to be Done
MA = Mot Applicable

DR = Depends on Results of Current Studies

[ } = Number of Preparations under Test

110day ueplior ayl
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National Institute of Allergy and Infectious Diseases
STATUS OF PROGRESS IN DEVELOPMENT OF SOME NEW VACCINES

*kkkkk

BACTERIAL VACCINES

Cholera
Need to mimic natural infection. Oral immunization necessary.

1. Purified cholera toxid — no protection.
2. Inactivated whole cell: Transient protection

3. Inactivated

(a) Whole vibrio plus purified B subunit of toxin molecule (Svennerholm and Holmgren). Safe
and antigenic in volunteers. Ready for field trial after proof of efficacy in volunteers.

(b) Procholeragenoid (Pierce and Germanier) stable, high molecular weight aggregate
produced by heating cholera toxin to 65°C.

Safe and protective in dogs.

Volunteer studies of procholeragenoid combined with inactivated whole vibrios are being
planned.

4. Attenuated
(a) Texas Star SR (Honda and Finkelstein)

Attenuated mutant of an El Tor Ogawa strain obtained by nitrosoquanidine mutagenesis.
Identity of genetic lesion not known.

Stable clone that produces ample amounts of B subunit, the antigenic, binding portion
responsible for immunogenicity but produces only small amounts of A subunit, the active
portion of the toxin molecule that activates adenylate cyclase.

Induced antitoxin or vibriocidal antibodies in 93% of 68 volunteers. Protected against
challenge with virulent El Tor Ogawa and Inaba.

But caused mild diarrhea in 24% of vaccines.

(b) Genetic engineering being used to produce a better A minus, B plus vaccine candidate
strain. Genes that produce the toxic A subunit in the toxin molecule have been replaced
with a plasmid containing a modified or inactive gene; genes for making five proteins of B
subunit retained.
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(c) An A minus, B minus strain is to be tested in the spring on 1983.

Entertoxigenic E. Coli

Two toxins; heat stable (ST) and heat labile (LT); some strains have both; some only one.

ST
LT

Sta

Sta and Stb; neither antigenic without adjuvant

Antigenic; anti-toxin immunity not principal protective mechanism; gene that codes for this toxin
has been cloned.

-LT Cross linked toxin vaccine protects rats against ST and LT-producing E._coli

Colonization factors (pili or fimbriae)

CFAIl and CPAIl — 25% of strains; no identified pili — 75% of strains.

Complete amino acid sequence of the CFAI fimbrial protein (as well as that of the porcine organism,
K88) has been elucidated. Computerized algorithms have been used to predict the potential antigenic
determinants, envisaging the design of synthetic vaccines.

Gonococcal

Two types of immunogens are under study:

Pili (now renamed fimbriae) antigen to induce local antibody to block attachment of gonococci.

Principal Outer Membrane Protein (now renamed Protein 1) antigen to induce protective serum
antibody and prevent dissemination of gonococci.

Results obtained to date (Buchanan) are as follows:

Fimbrial Antigen:

Shown to be safe in dosages of 220 mcg: induced good antibody titers (ELISA) in volunteers (62
total) mean antibody levels of 20 mcg/ml. Antibody persistence was prolonged when aluminum
adjuvants used.

After cleavage by cyanogen bromide, largest fragment (101 amino acids long) — called CNBrl. Used
as an antigen to elicit higher antibody levels. Proved to be safe in dosages up to 600 mcg in volunteers
(total of 24). Mean antibody level of 1.87 mcg/ml (ELISA).

The antibody raised to CNBrl antigens showed attachment — inhibiting and opsonic activity; activity
was maximal against fimbriated gonococci of same serotype. Antibody to fimbrial antigens barely
detectable in local secretions (unlikely to have functional activity here). There were low levels of
cross reactivity to heterologous fimbriae. Systemic immunization with this antigen is not likely to
prevent gonorrheal infection at mucosal sites.

Note: Similar results have reported by the U.S. Army (WRAIR) for the Army-developed pili candidate
vaccine, following urethral challenge with heterologous and homologous strains of immunized
volunteers.
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Protein |

Purified protein | candidate vaccine contains antigens (epitopes) that are recognized by monoclonal
antibodies with bactericidal activity for the gonococcus.

It can be safely given to volunteers in dosages of 100 mcg/serotype, and is immunogenic. The
predominant antibodies induced recognize the trimeric form of each serotype of the Protein | molecule.

Immunization produces enhanced bactericidal activity against gonococci.

Eight lots of Protein | candidate vaccine prepared by Buchanan and used to immunize the total of
82 volunteers.

Lot 12, a trivalent preparation of serotypes 1, 5 and 9
Lot 14, a pentavalent preparation of serotypes 1, 5, 7, 8 and 9.

Estimates are that pentavalent vaccine, if it protects against these serotypes, will protect recipients
against approximately 95% of U.S. strains of gonococci causing pelvic inflammatory disease.

Each of these candidate vaccines contains 100 mcg of each serotype.

Serum antibody responses (ELISA) showed good responses; mean levels for each serotype ranged
from 0.24 to 0.75 mcg/ml ten weeks post immunization.

Data from monoclonal antibody studies strongly indicate that serotype-specific antibodies are
bactericidal.

Hemophilus influenzae

Purified capsular polysaccharide, polyribose ribosyl phosphate; is a T independent antigen; need
to make T dependent.

Conjugate vaccines under study; to elicit T-cell dependent response and, thus, immunologic memory.
1. Office of Biologics
Derivatize polysaccharide with adipic acid dihydrazide.
Bind to protein with cayanogen bromide.
Proteins used: tetanus toxoid; hemocyanin
Also PRP-tetanus conjugate plus DTP

Best results in rhesus monkeys with PRP-tetanus toxid conjugate
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Even better if add pneumococcal 6A-tetanus toxid conjugate.
2. Lederle

PRP plus whole pertussis cell (discontinued)

PRP plus DTP — under study; promising

3. Connaught

Derivatized diphtheria toxoid with adipic acid dihydrazide and linked to PRP via cayanogen
bromide.
Induces antibody response in rabbits

4. University of Rochester

PRP + CMR-197; prepared by conjugating via amination oligosaccharides obtained from
PRP with cross reactive mutant (CMR-197) of Corynebacterium diptheriae. This mutant
produces a non-toxic protein immunologically similar to diphtheria toxin. Induced good
antibody response in animals; human studies beginning.

5.  Several Investigators are studying outer membrane proteins
(). 5 or 6 major ones

antibodies to two in convalescent sera; also to minor proteins 100,000 and 39,000 dalton
proteins seem most important.

(b). P2 protective in infant rat model
(c). 39,000 dalton protein

antigenic in rats and humans

monoclonal AB protected against homologous challenge in infant rat.
(d). Possible approach: couple with PRP as vaccine

6. Two trials have shown polysaccharide alone to be effective in prevention of meningitis in
children over 18 months of age. Immunization of children at this age could prevent up to
50% of H. influenzae disease.

Leprosy:

Two glycolipid antigens specific to Mycobacterium leprae have been characterized as triglycosyl
phenolic phthicerol diesters with trisaccharide chains specific to M. leprae. Glycolipid I, found in
abundance in the bacillus and in infected tissue, reacts specifically with sera from leprosy patients.
Its use as a skin test antigen should facilitate epidemiological studies, including the identification of
susceptible. Itis likely to be an essential component of any vaccine.
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Pertussis (improved)
There is a need for a less reactogenic vaccine that is as effective as the present whole cell one.

The Japanese (Nahase and Doi) reported the preparation of a partially purified acellular vaccine.
Sato and investigators of the U.S. Office of Biologics have studied the two major subunits considered
to be protective antigens. Both are hemagglutinins.

1. Leucocytosis Promoting Factor Hemagglutinin (LPF-HA) is also called Leucocytosis
Promoting Toxin (LPT) or simply “Pertussis Toxin” because of its many effects:

(@ Lymphocytosis

(b) Stimulates insulin secretion (islet cell activation)
(c) Sensitizes to histamine

(d) Mitogen

(e) Adjuvant (IgE specific)

() Activates cyclic AMP

(g) Elevates brain cyclic GMP

LPF-HA appears as spherical structures 6nm in diameter by electron microscopy.

Sato and associates have recently reported the separation of LPF-HA into five subunits with molecular
weights of 25,000, 21,000, 20,000, 12,000, and 10,000. OB/NCDB investigators have identified four
subunits.

1. Filamentous hemagglutinin (FHA) appears as fine filaments about 2 nm in diameter and
40-100 nm in length on electron microscopy. Its hemagglutinating activity is 5-7 times
greater than LPF, but it lacks the other biologic activities of LPF.

In the intracerebral mouse protection model, the current measure of potency, LPF-HA protects
while FHA does not. Both protect against an aerosol challenge. When either antigen is used
to immunize the mother, the newborn are protected, although when used for direct passive
protection, anti-LPF protects and anti-FHA does not.

An acellular vaccine has been in used in Japan since 1981. LPF-HA and FHA are the major
components, but account for only 50% of the total protein in the preparation. One goal is to
purify and concentrate the two “essential” antigens and develop precise assays of their
guantitation. Another is to further characterize the subunits of LPF-HA and to confirm the
recent observations of Sato and colleagues that the protein responsible for most of the toxic
manifestations can be separated for the protective antigen.
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Shigella

Plasmid genes coding for protective antigen of S. sonnei have been inserted into S. typhi
ty21a (Formal).

Mutant stable; protects mice against challenge with either Salmonella typhi or
S. sonnei

May be possible to construct and “all purpose” oral, attenuated typhoid-dysentery vaccine
consisting of “protective” antigens of S. sonnei, S. flexnerii 2 and 3, and S. dysenteriae 1, each
in a K12 E. coli host and combined to give a multivalent preparation.

Streptococcal, Group B

Vaccines are under development (Kasper and Swenson) for the prevention of neonatal
infections caused by four types of Group B streptococci, la, Ib, II, and Ill. Two distinct syndromes
have been recognized: early onset disease (primarily pneumonia and bacteremia) and late
onset disease (primarily meningitis).

The primary objective is to immunize pregnant women at risk of delivering infected infants to
provide high titer maternal antibody trans-placentally to the neonate. A second approach
would be to immunize human volunteers to obtain hyperimmune globulin for passive
immunization after delivery.

Structural analyses have been completed on all four GBS type-specific polysaccharides. All
contain galactose, glucose, glucosamine and sialic acid, but in different molar ratios. Siatlic
acid occurs as a terminal sugar on a side chain; it exerts important conformational control in
antibody elicited in response to the antigen.

Phase | studies have been conducted with types la, Il and Ill polysaccharides. Over 85% of
volunteers with pre-existing antibody levels greater than 2 mcg/ml (RABA and ELISA) respond
to immunization with significant boost in antibody levels. Individuals with less than 2 mcg/ml
pre-existing antibody levels have lesser post-immunization responses.

GBS Type Ibc protein antigen is under study as a possible adjunct to polysaccharide candidate
vaccines of GBS types I, Il, and la.

GBS polysaccharide type 11l is nearing completion of development as a candidate vaccine;
this type accounts for 95% of neonatal infection.

Antibody to these polysaccharide vaccines correlates well with bactericidal assays as
measured by opsono-phagocytic assays.

Specific and quantitative opsonic activity of immune sera showed good correlation between
opsonic activity and assay of antigen concentration as measured by ELISA. Immune sera
contained only IgG class.
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ELISA assays were developed for GBS types la, II, and Ill antigens. All showed excellent
linear responses; the O.D. values correlated with nanograms of antibody as bound by
guantitative precipitin tests.

Examples of serum antibody responses following immunization with GBS candidate vaccines:

- 60 volunteers immunized with GBS type Il antigen; 6 wk. antibody mean titer of 40 mcg/ml
(ELISA) were elicited following immunization with 50 mcg antigen.

- 80 volunteers immunized with GBS type Il antigen; 6 wk. antibody mean titer of 29 mcg/ml
were (ELISA) elicited following immunization with 50 mcg GBS type Il antigen.

- 80 volunteers immunized with GBS type la antigen; 6 wk. Antibody mean titer of 16 mcg/ml
were elicited following immunization with 50 mcg of GBS type la antigen. This antigen is
not as immunogenic as types Il and Ill GBS antigens. Methods for improvement in
immunogenic potency of this antigen are under investigation.

Combined antigen preparations, containing 50 mcg of each GBS antigen preparation, are under
investigation as multivalent candidates vaccines.

Typhoid
Live, oral, attenuated vaccine; a double mutant. Ty21a.
Developed by Swiss Serum and Vaccine Institute (Germanier), and now licensed in Switzerland.

Strain lacks the enzyme UDP-glactose-4 epimerase, and the activity of two other enzymes -
galactokinase and galactose-1-phosphate-uridyl-transferase - is reduced. Itis incapable of utilizing
galactose after this sugar enters the bacterium. Galactose accumulates and Kills cell in 3-5 days.

But organism proliferates in bowel to sufficient numbers to immunize.

A field trial of this live oral vaccine administered in three doses of lyophilized vaccine with
bicarbonate to Egyptian children showed a 95% protection rate after three years of observation.

One dose of vaccine in an enteric coated capsule was shown to immunize volunteers equally
well.

A field trial of this vaccine is now in progress in Chile using one or two doses of enteric coated
capsules.

PARASITIC VACCINES
Malaria

Antibodies specific for Plasmodium falciparum sporozoites are detected in more than 90% of West African
adults, whereas most samples from children have low or negative reactions. A sporozoite vaccine would
ideally induce immunity in children, eliminating the long period required for the development of anti-
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sporozoite antibodies under natural conditions. Irradiated sporozoite vaccines have induced active
immunity in mice (P. berghei and men (P. falciparum and P. vivax). A vaccine containing the relevant
sporozoite antigen, perhaps a few or even a single epitope, now seems feasible since monoclonal
antibodies can be utilized to purify and characterize sporozoite antigens.

One such antigen of Plasmodium berghei, Pb44, is a differentiation antigen involved in a unique,
presumably essential, function associated with mature sporozoites. Incubation of sporozoites in vitro
with antibodies to Pb44 abolished their infectivity; antibodies to P. berghei sporozoite surface antigen
block the entry of sporozoites into cultured cells and confer complete passive protection on recipient
mice. Similar studies with P. knowlesi and P. cynomolgi have identified surface circumsporozoite (CS)
antigens that induce protective monoclonal antibodies, with molecular weights of 42 (P.k.) and 48 (P.c)
kilodaltons. The key antigens of P. falciparum have molecular weights of 80, 67, and 58 kilodaltons, with
the latter showing the greatest immunoprecipitin reactivity with sera from volunteers.

The challenge now is to apply new technology to the development of a P. falciparum vaccine for man,
i.e., purification of the sporozoite antigen, extraction of mRNA coding for this antigen, sequencing and
synthesis of the essential peptides, and administration with a safe and effective adjuvant. Experimental
vaccines also are being developed using other extracellular stages of the parasite-merozoites and
gametes.

VIRAL VACCINES

Cytomegalovirus

There are two candidate strains of CMV being tested for attenuation and use as vaccines.
1. AD-169 (Elek and Stern)
2. Towne-125 (Plotkin); its DNA is 90% homologous with AD-169.

Being tested in seronegative patients with end-stage renal disease who are candidates for
kidney transplantation and are at risk of being infected by CMV from the donor kidney. There
is some indication, based on small numbers, that survival is greater in vaccines.

Hepatitis A

Successful cultivation of the virus, particularly direct isolation in cell culture, has provided antigen for an
inactivated vaccine. Continuous passage is being used to develop attenuated strains that are now
being tested as candidates for a live vaccine.

Human hepatitis A virus was attenuated in virulence for marmosets (Provost et al.; Merck) by passage in
FRhK6 and human diploid lung fibroblast cell culture. Some variants were over attenuated. Those
marmosets which responded to attenuated virus were immune to challenge with virulent virus. Antibody
stimulated by the vaccine equated with protection.

The HM-175 strain of HAV, recovered from the stool of a patient with type A hepatitis in Melbourne,
Australia, was isolated directly in primary African green monkey kidney, a cell substrate suitable for
vaccine development (Purcell et al.; NIAID). Tissue culture-passaged virus was fully infectious for
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chimpanzees but did not produce biochemical evidence of hepatitis. Similarly, hepatitis A viral antigen
could not be detected in liver biopsies, and little or no viral antigen could be detected in acute phase
stool samples. In addition, there is preliminary evidence that the tissue culture-attenuated HAV has very
limited potential for horizontal transmission, at least in chimpanzees.

It is quite likely that HAV with a proper degree of attenuation for man can be selected from the various
tissue culture-passaged strains currently available.

Hepatitis B

Current vaccines consist of inactivated highly purified 22-nm particles of surface antigen (HBsAgQ) of
hepatitis B virus (HBV). They are safe and effective, but costly to produce. The genetic engineering of
DNA recombinant technology and other molecular manipulations are being used in the search for equally
effective second and third generation vaccines. This has required purification and characterization of
the subunits of HBSAQ.

Two major subunits: one non-glycosylated, one glycosylated.

Molecular weights of 25,000 and 30,000. It is the large subunit that contains carbohydrate;
otherwise, two subunits may be same, since they have similar amino acid sequence.

Subunits purified by preparative polyacrylamide gel electrophoresis shown to be immunogenic in
mice and guinea pigs.

Pool of P25-GP30, 4 doses of 50 micrograms each, induced anti-HBs and protection in
chimpanzees.

Denaturing effect of SDS and mercaptoethanol circumvented by solubilizing 22-nm particles with
Triton x-100.

Dimers of P25-GP30 purified by lectin affinity chromatography; upon removal of detergent by ultra
filtration in sucrose gradients, aggregates - micelles - free of lipoprotein formed. These shown to
be immunogenic, particularly when alum-adsorbed (Zuckermann).

Such preparations still very expensive. Alternate approaches:

HBsAg from hepatoma cell lines. There are at least two such lines - Alexander and Wistar B3. But both
of these lines would be classified as “malignant” and material derived from them would have the potential
of transforming normal cells.

Cloning of HBV DNA in prokaryotic cells (E. coli and B. subtilis). The antigen is not released in particulate
form, and this approach has not been useful.

Cloning of HBV DNA in eukaryotic cells to produce HBsAg (mouse LM, Hela and African green monkey
cells). The latter have the advantage of being a suitable vaccine substrate. In this instance (Moriarty and
Gerin) inserted less than the whole genome - 1450 base pairs - in AGMK cells using a defective SV40
vector. The 22 nm particles excreted in the culture medium were antigenic in small animals and
chimpanzees. The one chimp available for challenge was protected.
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Investigators at Merck (Valenzuela) inserted even a smaller piece of the genome - 830 base pairs - into
yeast. Since the particles are not released, the yeast must be lysed. This yields 17 nm, non-glycosylated
particles. These also have been shown to be antigenic in small animals and chimps.

Svynthetic Peptide Vaccine

Work being done by at least four groups: (Dressman and Hollinger; Lerner et al.; Hopp and Prince;
Veyas).

The search for appropriate polypeptides has been assisted by recombinant DNA technology that
has supplied the entire nucleotide sequence (and therefore the entire amino acid sequence of the
HBsAg gene and by computer programs that have identified the most hydrophilic (and therefore
external) portions of the HBsAg molecule. Such hydrophilic regions have also proven to be the
most variable in amino acid sequence, suggesting that these regions contain the antigenic domains
that define subtype specificity. Other regions appear to contain antigenic domains that are mutually
exclusive but that are identified as the group-reactive a specificity. Thus, multiple a domains
appear to exist, and it is not clear at present which of these elicit antibody that protects against
type B hepatitis.

As an example, cloning of HBV DNA genome made it possible for investigators at Baylor to
establish the amino acid sequence of P25.

Peptides were synthesized to reproduce this sequence.

Linear peptides may be poor immunogens. As learned with synthetic antigen for foot and
mouth disease virus, antigenic determinants of proteins are confirmational rather than linear.

Peptides cyclized by introduction of disulfide bond between cysteine residues at amino acid
positions 124 and 137 (Hollinger).

Two cyclic peptides created, and peptide 1 with mw of 2219, and 5 fewer amino acid residues
than peptide 2, selected for study.

Peptides linked by carbodiimide reaction through the amino terminal lysine group to tetanus
toxoid, a carrier protein more suitable than Freund’s adjuvant.

Major response in mice was to anti a group specificity. Thus the group a epitope is associated
with peptide 1.

Immunization and challenge of chimpanzees are planned. However, a problem is the
unpredictable immunogenicity of synthetic polypeptides; synthetic polypeptides of foot-and-
mouth disease virus appear to be highly immunogenic, whereas those of HBV appear to be
less so in preliminary experiments in chimpanzees. It is likely that new knowledge about
adjuvants suitable for use with polypeptides must be acquired before widespread use of
synthetic polypeptides for vaccine development will become a reality. Should the synthetic
antigen induce protective antibodies, it has been estimated that the source material for the
vaccine would cost seven cents a dose.
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Influenza

Prior to the initiative for the Accelerated Development of New Vaccines, NIAID had made a major
commitment to influenza research, including the development of improved vaccines. Two current
approaches to new influenza vaccines are summarized here for the sake of completeness.

Live, Attenuated Vaccines

The segmented genome of influenza A has facilitated the segregation and characterization of
individual genes. Two genes code for the antigenic surface glycoproteins, the hemagglutinin
(HA) and neuraminidase (NA); six genes code for nonsurface proteins. The most promising current
approach involves the use of a donor virus [A/Ann/Arbor/6/60 (H2N2)] adapted to growth at a
temperature (cold adapted; ca) that does not support efficient replication of wild virus. Reassortant
viruses have been produced (Maasab et al.) by mating the ca donor with new influenza A viruses.
Attenuation and stability of reassortants have been achieved when all nonsurface viral protein
genes have been received from the ca donor and the HA and NA genes from the wild-type variant.
Vaccines derived by genetic reassortment of contemporary wild-type A influenza viruses and the
A/Ann Arbor cold-adapted master strain have been extensively tested. In the last year, six vaccine
clones have been prepared as vaccine pools and are currently being tested for safety, antigenicity,
reactogenicity and efficacy. Influenza B influenza vaccines attenuated in this way are presently in
an early stage of development.

Other approaches to attenuation include the use of reassortants produced by mating restricted
avian virus with a virulent human influenza A virus (Murphy), and by the construction of stable
deletion mutations. This latter type of genetic engineering cannot be performed with RNA, so the
RNA viral genomes must first be transmitted into DNA and then the manipulated DNA with the
desired deletion transcribed into an RNA form that can be transferred back into an infectious virus
(Lai and Chanock).

Synthetic Vaccines

Four antigenic sites on the three-dimensional structure of the hemagglutinin of influenza A viruses
have been identified (Wiley, Wilson, and Skekel). Now that amino acid sequences of the
hemagglutinin of a new variant can be determined, peptides can be synthesized for use as vaccine
antigens. As with other synthetic polypeptides, this will require adjuvants suitable for human use.

Poliomyelitis

Now that an improved IPV is available, greater attention is being focused on cases associated with the
administration of OPV. The occurrence of such cases, although few in number, is a reason to seek totally
avirulent, yet immunogenic, strains of the three polio virus types. This may now be possible, although
trials to establish absolute safety will be extremely difficult.

Investigators at MIT (Racaniello and Baltimore) used reverse transcriptase to make complementary DNA
using poliovirus RNA as a model. A plasmid containing this complementary DNA was found to infect
human (Hela) and monkey (CY-1) cells and bring about the development of intact poliovirus particles.
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This was the first demonstration that cloned DNA derived from the RNA genome of a lytic animal virus
can be infectious. Since a cDNA copy of an RNA virus can initiate the infectious process, the investigators
propose that it should be possible to specifically mutagenize the cloned DNA and generate mutants with
defects in any part of the genome, including mutants incapable of virulence or of reversion to virulence.

Provided such mutants are stillimmunogenic, vaccines made with them would retain all of the advantages
of OPV over IPV, including less cost.

Rabies

Two cell culture grown inactivated rabies virus vaccines have recently been licensed in the U.S. Because
of their greater antigenicity, fewer doses are required for post-exposure prophylaxis, and small intradermal
doses can be used for pre-exposure prophylaxis.

A cheaper vaccine may be developed using rabies virus glycoprotein.
a. Virus codes for glycoprotein containing 524 amino acids.

b. Gene that codes for this glycoprotein has been clones, but signal that allows expression
has not been identified.

C. Monoclonal antibodies have detected antigenic variations and demonstrated that
glycoprotein possesses four antigenic sites on each molecule. These sites differ in position
and reactivity among strains.

Rotavirus

There are at least four serotypes.

Have now been grown in cell culture; selected strains to be tested for attenuation.
Virus has segmented genome.

Calf derived rotavirus protects calves against challenge with human rotavirus.

One approach: immunize children against human rotavirus disease using calf virus if latter induces
clinical immunity without inducing illness.

Also, through co-cultivation, replace human gene segments with bovine or simian gene segments to
produce either viruses that are easier to cultivate or that can be used as an attenuated oral vaccine.

Another approach: clone genes that specify protective antigens in K12 E. coli; may immunize without
risk of spread.

Varicella
Oka strain developed by Takahashi; vaccines produced by RIT (Belgium) and Merck (U.S.)

Serologic tests developed that permit assessment of immunogenicity and detection of reinfection.
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Viral markers identified that distinguish vaccine strain from wild strain.
Clinical trials now underway in leukemic children at high risk of severe disease and in normal children.

Preliminary results indicate protection against household exposure. In one study, 40% of leukemic children
lost antibody after 6 to 12 months, but it is suggested that a skin test is all that is needed to boost the level.

No cases of herpes zoster have been seen in the U.S. as yet (approximately 3 years).

William S. Jordan, Jr., M.D./NIAID/NIH November 1982
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Executive Summary

As We prepare to enter the 215t century, the

promise of vaccines has never been greater.

If this promise is to be fully realized, vaccines
must not only be effective in the prevention of
diseases—they must also be safe, Recent
reviews by the [nstitute of Medicine have iden-
tified miany gaps and lmitations, however, in
current knowledge of vaccine safety (Howson
et al., 1991; Straton et al, 1994), The Task
Force on Safer Childhood Vaccines (TFSCWY or
the Task Force) was established by the
Secretary of Health and Human Services at the
direction of Congress, with the sole purpose of
examining vaccine safety and making recom-
mendations to the Secretary to ensure develop-
ment of safer childhood vacrines and improve
lirensing, manufacturing, processing, testing,

labeling, warning, use instructions, distribution,

storage, administration, field surveillance,
adverse reaction reporting, recall of reactogenic
lot= or batches, and research on vaccines, This
report summarizes the findings and recommeen-
dations of the Task Force,

The Task Force comprised representatives from
several Public Health Service agencies:
Mational Institutes of Health; Food and Drug
Administration; Centers for Disese Control
and Prevention; Matlonal Yaccine Injury
Compensation Program; Office of the General
Counsel, Department of Health and Human
Services, and MNational Vaccine Frogram (ffice.
As with any committee actlvity, a number of
individuals have participated in discussions that
resulted in the creation of this report (see
acknowledgements) .

There are many ressons why examining the
safety of childhood vaccines is a critical task
and, therefore, mandated by law, but several
reasons were emphasized by the Task Fores,

Executhe Summary

The first is a paradox inherent in the very suc
cess of vaccines and immunizatlon programs.
Concerns about vaccine safety become increas-
ingly prominent when effective use of vaccines
in a population redoces the incidence of the tar-
get diseases, Yet, since few diseases are eradica-
ble, only Immunization programs that maintain
public confidence in vaccines can prevent tragic
recurrence of disease, as demonstrated by out-
breaks of pertussis in several couniries during
the 19805, The second reason Is that even
under conditions of epidemnic or endemic trans-
mission, any given individual in the population
may escape infection and disease, Vaccination is
still essential, however, to protect the popula-
tion from the spread of disease. Finally, vac-
cines. unlike therapeutic interventions, are
given o healthy individuals. Consequently, the
risks associated with any vaccine must be mini-
mal, and vaccines must be extracrdinarily safe.

Since 1990, the Public Health Service has cre-
ated much of the infrastructure necessary Lo
recluce gaps in current knowledge about the
safety of vaccines, & identified by the Institute
of Medicine, but the process is still incomplete.
Salety ssues regarding already licensed vaccines
have become of paramount importance to the
success and stability of Immunizatlon programs,
vaccine companies, and public support for these
activities, At the same time. advances in basic
bicvmedical research and the accelerating pace of
the revolution in botechnology will make a
large array of new vaccines possible. The con-
tinued improvement and assurance of vaccine
safety are as much a research priority as the
development of vaccines for the diseases that
comtinuee to affect humankind.

Although a number of vaccine-preventable dis-
eases, such as poliomyelitis, may be conirolled

January 1998 i
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Expewtive Surnmary

and even eliminated globally, others, such as
periussis, tetanus, or diphtheria, are not candi-
dates for eradication.  Therefore, vacclnation
apainst these diseases must be continued to
protect each new eohort of infants, both in the
United States and worldwide, The perception
of risks due to reports of adverse events will
abso continue indefinitely. Therefore, systems
required to ensure vaccine safery misst be main-
tained. Civen new rechnologies for the devel-
opment, production, manufecture, regulation,
and administration of vaccines, the vaccine safe-
ity network for the United States must be
enhanced to provide appropriate evaluation of
new candidates. To ensure continued public
acceptance of vaccines, close monitoring of
potential adverse events and adverse reactlons,
adequate scientific evaluation of hypothesized
associations, and appropriate responses (o newly
identified risks of vaccines, including research
and targeted development of new technologies
and vaccines, are critical.

The recommendations of the Task Force arlse
from broed review and evaluation spanning the
activities and responsible agencies required o
ensure vaccine safety. These recommendations,
developed to address gaps and ensure the con-

1. Assess and address national concerns
about the risks and benefits of vaccines in
order to enhance the education of the

public, families, and health care profes
sionals.

As development of vaccimnes to fight diseases
progresses, the assessment of risks and bene-
fits of this intervention has changed, as few
health care providers or parents may have
seen a case of a vaccine-preveniable disease.
We need to know more about how to com-
muricate what is known and what is not
known about true and perceived risk (Evans
et al., 1987). Furthermore, It 15 extraordl-
marily difficult to obtain spontanecus repore-

¥ Jaruary 1968

tinuing safety of vaccines, are summarized below:

ing of adverse events aller immurnization
without a presumption of potential causality,
Education must appropriately target the
public, families, and health care professionals
in order (o assure optimal prevention with
vaccines, The Task Force made the follow-
ing recommendations:

A) Tdentify the public's and health care pro-
fessionals’ concerns, attltudes, and
knowledge about immunization and the
benefits and risks of vaccination.

B} Develop appropriate interventions to
enhance knowledpe of vaccines and their
benefits and risks, reporting of adverse
events, and Immunlzation programs and
their public health impact.

Strengthen the national capability to con-
duct research and development needed to
promote the licensure of safer vaccines,

Vaccine research and development are driven
both by scientific advances and by the need
Lo contral and prevent disease.  Finally, when
an effective and safe vaccine ks available, the
perception or assoriation of true adverse
events must be high indeed to support the
costly development {approximately $200 il -
lion) of a new vaccine. Technological barrl-
ers, however, may confound the process.

For example, recombinant bepatitis B vac-
cines that did not confer the potential risk of
transmission of other infections were devel-
oped less than a decade after the licensure of
serum-derived vaccine, However, the devel-
opment of safer acellular pertussls vaccines, a
complex task that has required new tech-
nologies nol available 10 years ago, has been
a much slower process, To promote the
development of safer vaccines, the Task
Force made the following recommendations:

A) Where an assoclation s demonstrated
between an adverse event and vaccination,
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ensure that these findings will lead o rele-
vant research and vaccine improvements.

i} Initiate appropriate regulatory
review and action.

ity Conduct studies of the biologic
basks for vaccine adverse events,

iif} Develop, where feasible. epidemio-
logic and biologic markers or Lests
that would be useful to evaluate,
predict, or determine risk groups for
adverse events.

ivl  Use, wherever possible, vaccines that
have been modified or improved o
avold adverse events.

B) Consider new assays to detect potential
mediators of adverse events, laboratory
correlates of vaccine safety and efficacy,
and evaluation of the safety of novel
methods to enhance immunogenicity and
vacrcine delivery technologies and
improve the thermostability of vaccines,

1 Foster the active particlpation of Industry
and increase public-private collaboration
in development of safer vaccines of public
health pricrity.

1) Encourage research &nd development
leading to production of " limited-use
vaccines” of potential public health
importance through public support of
research and development and strength-
ened Interaction with industry, The
development of vaccines for limited pop-
ulations poses special challenges to the
development of a safety profile,

3. Strengthen the national capability to con-
duct surveillance of vaccine-preventable
diseases and to evaluate potential adverse
events and vaccine elficacy.

Execufive Summary

Safe use of & vaccine wo control disease
requires continuous monitoring for the dis-
ease a5 well as for known and potentlal
adverse events following vaccine adminisira-
tion. This type of monitoring makes it pos-
sible to answer the [ollowing vital public
health questions; [s the disease effectively
controlled or has something (the vaccine,
the human host, or the environment)
changed? Has the risk/benefit evaluation
altered? Dioes the use or composition of the
vaccine eed to be modified in response to
different conditions? Are changes in nation-
al immunization policies regarding mandat-
ed childhood vaccines warranted?

Historically, for both methodological and
loglstical reasons, effective survelllance for
adverse events after licensure has been diffi-
cult to maintain. Since 1990, the Public
Health Service has initiated major improve-
menis in its ability to conduct both passive
and actlve survelllance for adverse events,
Continued support for these projects is criti-
ral for adequate monitoring of the present
and future safety of vaccines in the United
States, To reduce gaps in vaccine surveil-
lance effores, the Task Force made the fal-
lowing recommendations:

A) Integrate government postlicensure sur-
veillance activities to enhance evaluation
of avallable information, identlfy gaps,
and redurce duplication of effort, with
emphasis on the following areas:

il Develop new methods and approach-
&5 for postlicensure evaluatlon of the
safety and efficacy of vaccines and
vaccine uses and ensure that approgri-
ate studies are conducted,

a) Prospectively evaluate vaccine
safety and efficacy in large popu-
lations, including adults, to help
identify the association of

Jermary 1908 xi
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Execuive Summary

varcination with serious but
uncommon adverse events,
Develop methodology for investi-
gating causality of rare events in
vaccine recipients, especially in
highly immunized populations.

b Develop novel methods and
approaches for the detection and
evaluation of adverse events asso-
clated with new vaccines or new
uses of vaccines to supplement
systems such as Vaccine Adverse
Events Reporting System,
Identify and incorporate into the
current system other LS. and
international agencies or survey
systems that collect information
relevant to the evaluatlon of
adverse events.

ity Identify differences in rates of
adverse events associated with the
simultaneous or combined adminis-
tration of vaccines.

B) Ensure the adequacy of clinical data to
support new recommendations for vac-
cine use. and when appropriate, conduct
strdies to address safety considerations.,

) Improve the coordination and sharing of
data concerning starlards, adverse event
reporis, and analyses with other naticnal
control and epldemiclogle authorltles,
including the World Health Organization
regulatory harmonization), The Undted
States should participate in the develop-
ment of an internaticnal network to monk-
tor vaccine safety, taking advantage of the
differences and similarities in the vaccines
used and in national health care structures,

[ Encourage industry participation in the
collection and analysis of data o address

both prelicensure and postlicensure vac

cine safety,

i) Review industry’s role and responsi-
bilities in collection. receipt, fol
loweup, and analysis of recelved
adverse event reports.

i} In consultation with vaccine manu-
facturers, develop procedurss 1o
optimize collection of complete data
and analysis of reports by product
category, product-specific data by
company, and product interaction
with other co-administered vaccines.

4, The Task Force recommends that the

Interagency Vaccine Group (TAVG), com
posed of representatives from agencies
invalved in vaccine research, develop
ment, evaluation, regulation, and immu
nization, be charged with the ongoing
responsibility of ensuring that appropri
ate vaccine safety activities are carried
oul. The IAVG would be expected (o
seek routine technical consultation from
an expert external advisory hody.

The Task Foree identified the roles and
responsibilities of Federal agencies, vaccine
companies, health care providers, the
research community, and parents in ensuring
that vaccines are safe. Experience over the
past century teaches that the activities of
each group are linked to the activities of the
other groups, making both coordination
and communication essential to vaccine sale-
iy, Furthermore, the group charged with
this responsibility must be able to focus on
safiety. In accordance with the original man-
date 1o integrate the Nation's vaccine
effores, the Matlonal Vaccine Program
(fflce could serve as the secretariat for this
group and the entity to ensure action
toward emergent vaccine safety needs, The
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Task Force deflined the IAVG's role as
follows:

A) The IAVG would monitor the vaccine
safety activities of the various agencies
and work to improve interagency com-
munication. [0 would also facilitate and
monitor progress on the investigation
and evaluation of reports of serlous or
frequent adverse events.

il Ewvaluate data relevant Lo vaccine
safety, which may currently be scat-
tered among various agencies and
marufacturers.

i)  Emsure periodic reviews of the sfety
of licensed vaccines and their recom-
mended immunization schedules. I
appropriate, propose studles o
address areas where additional data
may be informative or supportive,
such as in special tarpel groups or
Programs.

iii) Emnsure effective communication
among existing advisory committees

Executhe Summary

that focus on vaccines and immua-
fization. including specifically the
Advisory Commission on Childhood
Waccines, the Advisory Commiites
on [mmunization Practices, the
Mational Vaccine Advisory
Committee, and the Vaccines and
Felated Biological Products
Advisory Committee,

B} The IAVG would be expected to seek

routine technical comnsultation from an
expert external advisory body,

The Task Force is committed to the con-
cept that the public health is best served
by the continued pursuit of safer and
imore effective vaccines amd by the safe
use of existing vaccines through improve-
ments In the iImmunizatlon schedule and
delivery of vaccines. The recommenda-
tions presented in this report are congru-
ent with the Mation's immunization and
vaccine goals presented in the 1LS,
Matlonal Vaccline Plan in 1994,

January 1993 i
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Status of Vaccine Research and Development 2002

Target Agent

Ancyclostoma duodenale
Bacillus anthracis
Bordetella pertussis

Blastomyces dermatitidis

Borrelia burgdorferi

Brugia malayi

Calicivirus

Campylobacter jejuni

Chlamydia pneumoniae

Vaccine

Recombinant protein
Recombinant subunit

B. pertussis surface protein expressed
by vector (e.g., Salmonella and Vibrio
cholerae)

Purified PT vaccine-acellular

Recombinant PT vaccine-acellular
Purified PT and FHA-acellular

Purified PT, FHA, pertactin, and
agglutinogens 2 & 3-acellular
Purified PT, FHA, pertactin-acellular

Recombinant PT, FHA, pertactin-
acellular
PT peptides-CRM conjugates

Purified adenylate cyclase
DTP-Hib conjugate

DTP-Hib conjugate-HBV
DTP-IPV

DTP-Hib conjugate-IPV-HBV
DTaP-Hib conjugate-HBV
DTaP-IPV-monovalent aP

DTaP-Hib conjugate-IPV-HBV-bivalent
and trivalent aP
DTaP-Hib

DTaP-Hib conjugate-IPV

Purified yeast cell proteins (e.g., WI-1)
Recombinant proteins (e.g., WI-1)
WI-1 DWA

Live-attenuated strain
Recombinant Osp A

Osp A-based DNA vaccine
BCG-expressed Osp A

Purified Osp B, Osp C

Osp C (14 valent)

DbpA

DbpB

Purified parasite antigens
(paramyosin, etc.)
Norwalk VLPs in transgenic potato

Norwalk VLPs orally delivered

Inactivated whole cell with mutant E.
coli labile toxin (mLT) adjuvant, oral
vaccine

Whole cell (intact)

Purified, major outer membrane
protein, heat shock protein

Outer membrane protein-based DWA
vaccine

Basic R&D Preclinical

+ o+ o+ 4+ +

+

+

+ + + + o+ o+ o+ 4+ o+

+ + + + + 4+ o+ + o+ o+ o+ o+ o+ o+

+ o+

+

+ + + o+

+

+ + + + + + + + + o+

+ +

+

+ + + + + + o+

Phase |

+ + + o+

+

+ + + + + + o+

+

Phase ll

+ o+ o+ o+

+

+ + + + o+ 4+ o+

+

Phase Il
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Target Agent

Clostridium difficile
Clostridium tetani

Candida albicans
Chikungunya virus
Coccidioides immitis

Corynebacterium
diphtheriae

Coxiella burnetti
Cryptococcus neoformans

Cytomegalovirus

(CMV)

Dengue virus

Vaccine

Formalin-inactivated toxins A and B
Recombinant toxin

Salmonella vector
Microencapsulation
Transcutaneous immunization

Cell surface oligomannosyl epitope
Live, attenuated

Formalin-killed spherules

Recombinant protein for Ag2, rAg2
(PRAg2)

Spherule homogenate (27kxg)
C-ASWS (Ag2)

Urease (recombinant and cDNA)
(rURE)

Spherule outer wall glycoprotein

(SOwgp)
Recombinant toxin

Salmonella vector
Transcutaneous immunization
Formalin inactivated

Partially purified capsular
polysaccharide

Glycoconjugate of capsular
polysaccharide with tetanus toxoid
Live, attenuated strains
(conventional)

Live, attenuated strains (engineered)

Glycoprotein subunit vaccine
Multiprotein subunit vaccine
Nucleic acid (DNA) vaccines
Canarypox vectored

Purified rDNA-expressed viral
proteins
Infectious clone

Chimeric virus

Inactivated whole virus particle
Vaccinia vector (live)

Vaccinia subunit

Baculovirus subunit

Synthetic peptide
Micelle/ISCOM

Yeast subunit

Recombinant envelope (baculovirus
and Drosophila expression systems)
Live, attenuated dengue virus
(monovalent)

Live, attenuated dengue virus
(combined quadrivalent)

Basic R&D Preclinical

+ 4+ + 4+ 4+ o+ 4+ 4+ 4+

+

+

+ 4+ o+ o+ 4+ 4+

+

+ 4+ + + + + + + + + o+ o+ o+ A+ o+ o+

+

+

+ + + + 4+ + + + o+

+

+

+ + + + o+

+ 4+

+ + + 4+ + + 4+ + + 4+ 4+

+

+

Phase |

+

Phase Il

Phase Il
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Target Agent

Entamoeba histolytica

Enterohemorrhagic
Escherichia coli
(EHEC) [Shiga
toxin-producing
E. coli (STEC)]

Enterotoxigenic
Escherichia coli

ETEC

Epstein-Barr virus

(EBV)

Escherichia coli (urinary
tract)
Filoviridae (Ebola)

Francisella tularensis
Group A streptococcus

Group B streptococcus

Haemophilus ducreyi

Haemophilus influenzae
(nontypeable)

Vaccine

Yeast subunit

Recombinant galactose-binding
protein

Galactose-binding proteins expressed
in Salmonella

Nontoxic mutant toxins

Intimin
LPS conjugates
Intimin expression in plants

Stx-1 beta-subunit in Vibrio cholerae
vector

Killed cells and beta-subunit of cholera
toxin

Nontoxigenic ETEC derivative, live,
attenuated

Salmonella and Shigella vectored
CFAs

Subunit synthetic toxoid (ST) and B
subunit of heat-labile toxin (LT)

LTB expressed in potatoes

CFA 1l microencapsulated
Glycoprotein subunit (gp350)

Vaccinia recombinant virus expressing
gp350
Peptide induction of CTL

Anti-FimH adhesin

Recombinant subunit
Replicons
Live, attenuated

Glycoconjugate Group A
polysaccharide with tetanus toxoid

M protein, multivalent type-specific
epitopes

M protein conserved epitope
expressed in a commensal vector (S.
gordonii)

M Protein conserved epitope in
combination with M serotype epitopes
Cysteine protease

Cba peptidase
Fibronectin-binding protein Sfbl
Streptococcal pyrogenic exotoxins

Glycoconjugate vaccines of type Ia, Ib,
II, lll, and V polysaccharides linked to
carrier proteins

Major outer membrane protein

Hemolysin/cytotoxin
Hemoglobin receptor

Recombinant protein subunit
containing either P1, P2, or P6
proteins to serve as carriers in

Basic R&D Preclinical

+ o+ o+ o+ o+

+ 4+ o+ o+

+

+

+ 4+ o+ o+

+ o+ o+ o+ o+

+ o+ o+ o+
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+

+
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+ + + +
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Appendix C: Status of Vaccine Research and Development 2002

Target Agent
Haemophilus influenzae
(nontypeable)

Haemophilus influenzae

type b (Hib)

Hantaan virus

Helicobacter pylori

Hepatitis A virus

(HAV)

Hepatitis B virus

(HBV)

Combined HAV/HBV
vaccine
Hepatitis C virus (HCV)

Hepatitis D virus

(HDV)
Hepatitis E virus (HEV)

Vaccine

Subunit lipoprotein D (nonacylated)

Subunit detoxified lipooligosaccharide
conjugate to tetanus toxoid

Subunit detoxified lipooligosaccharide
conjugated to HMW protein from H.
influenzae (nontypeable)

OMP HiN47

Pili (HIfE)

Glycoconjugate of Hib PRP with
CRM197

Glycoconjugate of Hib PRP with
diphtheria toxoid

Glycoconjugate of Hib PRP with
tetanus toxoid

Hib-IPV-HBV

Glycoconjugate of Hib PRP with
meningococcal type B outer
membrane protein

Glyconjugate Hib with meningococcal
type A and/or C

Vaccinia vector

Recombinant subunit
RNA replicons

Recombinant H. pylori urease and
cholera toxin-oral vaccine

H. pylori antigens and mutant CT or
LT

Killed whole cells

Salmonella vectored H. pylori antigens
Inactivated HAV particles

Live, attenuated HAV
Virosome-formulated inactivated HAV

Viral proteins expressed by vectors
(baculovirus or vaccinia virus)
HBV core protein expressed by rDNA

HBV proteins expressed in yeast cells
by rDNA
Salmonella vector

Variants

Generation of cytotoxic T lymphocytes
DNA vaccines

rDNA, plants

Combined inactivated components

rDNA-expressed surface proteins and
epitopes
Generation of cytotoxic T lymphocytes

Nucleocapsid
DNA vaccines
Synthetic peptides

Baculovirus
Expressed proteins

Basic R&D Preclinical

+ o+ o+ o+ o+

+ o+ o+ o+ o+ o+

+

+ o+ o+ o+ o+ o+ o+ o+

+ 4+ o+ o+ + o+

+ o+ o+ o+ o+ +

+

+ o+ o+ + o+ o+ o+

+

+ o+ o+ o+
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Target Agent Vaccine Basic R&D Preclinical Phasel Phasell Phaselll
Herpes simplex virus types  Heteroconjugate recombinant protein, + +
land2 T cell ligands with HSV-associated
(continued) peptides
Vaccinia-vectored proteins + +
glycoproteins
Histoplasma capsulatum Purified yeast cell proteins (e.g., His- + +
62)
capsulatum Recombinant proteins (e.g., His 62, H + +

antigen, hsp-70)
Human immunodeficiency  See Appendix F

virus, HIV-1
Human immunodeficiency  Inactivated HIV-1 + +
virus, HIV-2
Live, attenuated HIV-2 + +
rgp 125 or 130 (purified from virion) + +
rgp 160 (insect cells) + +
Highly attenuated, vaccinia HIV-2 gag- + +
pol-env
Vaccinia HIV-2 env + +
Canarypox HIV-2 gag-pol-env + +
Salmonella HIV-2 env, gag + +
Human papillomavirus Capsid protein + +
(HPV)
TA-HPV (live recombinant vaccinia) + + + +
E6 and E7 (from HPV-16, and HPV-
18)
TA-GN recombinant protein L2 and E7 + + + +
(from HPV-6)
MEDI-501 recombinant VLP L1 from + + +
HPV-11
Quadrivalent recombinant VLP L1 + +
(from HPV-6, HPV-11, HPV-16, and
HPV-18)
DNA vaccine + +
LAMP-E7 (from HPV-16) + +
Influenza virus Cold-adapted lilve, attenuated + + + + +
Purified viral HA subunit + + +
Liposome containing viral HA + + + +
Purified CTL specific peptides + + +
Microencapsulated inactivated vaccine + + +
Purified, inactivated viral + + +
neuraminidase
Baculovirus expressed recombinant + + + +
HA subunit
Baculovirus expressed nucleoprotein + + +
Transfection with nucleic acid (DNA) + +
plasmid expressing HA subunit
Inactivated viral vaccines with novel + + + +
adjuvants
Japanese Whole, inactivated virus particles + + + + +
encephalitis virus Infectious clone + +
Purified DNA expressed protein + +
Live attenuated virus + + + +
Vaccinia vector (live) + + +
Chimeric virus + + +
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Appendix C: Status of Vaccine Research and Development 2002

Target Agent

Leishmania major

Multiple Leishmania spp.

Measles virus

Moraxella catarrhalis

Mycobacterium leprae

Mycobacterium
tuberculosis

Mycoplasma pneumoniae

Vaccine

Attenuated or killed whole parasites

Deletion mutagenized, attenuated
parasite

Leishmanial surface antigens (gp63,
46 kD, and lipophosphoglycan)
rDNA HA and fusion proteins

ISCOM
Live, attenuated

High-titer live (multiple strains)
Poxvirus vector (live)

High molecular weight, outer
membrane proteins CD, E, B1, and
LBP for use in conjugate vaccines
Detoxified LOS conjugated to either
tetanus toxoid or high MW proteins
from nontypeable H. influenzae
BCG plus purified M. leprae antigens
(35 kD)

Recombinant antigens in BCG

Live BCG expressing M. leprae
antigens
BCG plus heat-killed M. leprae

Heat-killed, purified M. leprae
Mycobacterium w

BCG

ICRG

Mycobacterium habana

Vaccinia virus vector expressing
mycobacterial antigen

BCG plus purified M. tuberculosis
antigens

T-cell reactive immunogens
Recombinant antigens in BCG

M. vaccae

Recombinant antigens in M. vaccae
M. tuberculosis culture filtrate proteins
(CFP)

M. tuberculosis culture filtrate proteins
and cytokines

Mycolic acids

BCG with CFP “boost”

Dendritic cells pulsed with for-met
peptides

Transfected EL-4 cells
Recombinant Salmonella constructs
M. smegmatis expressing M. tb
antigens

rBCG expressing cytokines
Auxotrophic mutant BCG

DNA vaccines

Auxotrophic mutant Mycobacterium
tuberculosis

Live Mycobacterium microti
Recombinant membrane-associated
proteins

Purified outer membrane protein
Inactivated (heat-killed) oral vaccine

Basic R&D Preclinical

++ 4+ + o+ o+

+ o+ + + 4+ o+ + + A+ A+ A+ A+ o+ A+ + o+
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+
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Target Agent

Neisseria gonorrheae

Neisseria meningitidis
(Group A)

Neisseria meningitidis
(Group B)

Neisseria meningitidis
(Group C)
Neisseria meningitides

AandC

Neisseria meningitides
A B,andC

Neisseria meningitides
A, B, C, and W-135
Onchocerca volvulus

Paracoccidioides brasiliensis

Parainfluenza virus

Plasmodium falciparum

Vaccine

LPS anti-idiotype

Whole cells

Glycoconjugate with tetanus toxoid
Group A LOS

Native outer membrane vesicle
(NOMV)-intranasal route
OMP-dLPS liposome

Recombinant PorA outer membrane
protein in liposomes

Outer membrane vesicles (OMVs),
high MW proteins, and C
polysaccharide

Hexvalent PorA outer membrane
vesicle vaccine

Outer membrane vesicles
(deoxycholate extracted)
Recombinant transferrin binding
protein (TBP1 and TBP2)
Recombinant low MW (NspA) outer
membrane protein

Glycoconjugate modified
polysaccharide with recombinant
PorB protein

LOS micelle-based vaccine
Glycoconjugate with tetanus toxoid

Glycoconjugate A and C with
CRM197

Glycoconjugate A and C with DT
Combination glycoconjugate with
recombinant PorB
Glycoconjugate with DT

Recombinant proteins
Purified yeast cell proteins
Recombinant proteins

Synthetic peptide or multipeptide
construction (P10, MAP-10)
DNA plasmid with gp43 gene

Cold-adapted PIV3 attenuated virus

Purified HN and F protein subunit
vaccine
Bovine attenuated PIV3 vaccine

Circumsporozoite antigen-based
peptide or recombinant protein
Circumsporozoite antigen
expressed in various vectors
Circumsporozoite antigen-based
DNA vaccine
Noncircumsporozoite, pre-
erythrocytic antigen-based
constructs

Merozoite surface protein-1 (MSP-
1) based recombinant protein
Non-MSP-1 asexual blood stage

Basic R&D Preclinical

+ o+ o+ o+ o+

+

+
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Appendix C: Status of Vaccine Research and Development 2002

Target Agent

Plasmodium falciparum

Plasmodium vivax

Poliovirus

Pseudomonas aeruginosa

Pseudomonas
(Burkholderia) cepacia
Pythium insidiosum

Rabies virus

Respiratory
Syncytial virus (RSV)

Rickettsia rickettsii

Rift Valley Fever virus

Rotavirus

Vaccine

Multivalent viral vector-based
combination vaccines incorporating
different stage-specific antigens (e.g.,
NYVAC Pf7)

Subunit (RTS, S)

DNA-based combination vaccines
incorporating different stage-specific
antigens

Combination vaccines incorporating
different stage-specific antigens (e.g.,
SPf 66)

Circumsporozoite antigen-based
peptide or recombinant protein
Asexual erythrocytic antigens

Reversion-stable attenuated OPV
Live (nonreverting)
Chimeric virus

Purified bacterial proteins, including
flagellar Ag, LPS-O, porins, several
inactivated bacterial toxins, and high
MW polysaccharide antigen and
glycoconjugate

Inactivated whole bacteria-oral
preparation

Synthetic peptides

Purified bacterial proteins, LPS

Sonicated hyphal antigens
Culture filtrate antigens
Purified proteins (e.g., 28, 30, 32 kD)

rDNA vaccinia virus recombinant for
use in sylvatic rabies (veterinary
vaccine)

Inactivated mammalian brain

Inactivated cell culture
Live, attenuated ts and/or ca strains
Purified F protein subunit vaccine

G protein expressed vaccine
rRSVA2 live attenuated strains

Subunit vaccine containing major
surface proteins (155 and 120 kD)
Inactivated

Live, attenuated

Attenuated human rotavirus (cold-
adapted)

Salmonella expressing VP4, VP7, or
both

Attenuated bovine/human virus
reassortants (WC3)

Human nursery strains

Purified rotavirus proteins rDNA-
derived virus-like particles (VLPs)

Basic R&D Preclinical
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Target Agent

Rotavirus (continued)

Rubella Virus

Salmonella typhi

Schistosoma mansoni
Schistosoma haematobium,
Schistosoma japonicum
Shigella

dysenteriae

Shigella flexneri

Shigella sonnei

Staphylococcus aureus

Staphylococcal entertoxin B
Streptococcus pneumoniae

Vaccine

Vaccina virus recombinant expressing

VP4, VP7, or both

DNA vaccines

Live, attenuated

Infectious clone

Synthetic peptide

Vi carbohydrate

Vi carbohydrate

Live, attenuated Ty21a vaccine
Live, attenuated auxotrophic mutants
Purified larval antigens
Recombinant larval antigens

Live auxotrophic, attentuated mutants
Polysaccharide-protein conjugate

E. coli hybrids

Polysaccharide-protein conjugate

Live, attentuated oral vaccines

LPS proteosome (intranasal)

Live, attenuated (WRSS1) oral vaccine
LPS proteosome (intranasal)
Polysaccharide-protein conjugate
Nucleoprotein

Type 5/Type capsular polysaccharide
(CPS) conjugate with Pseudomonas
aeruginosa recombinant exoprotein A
Recombinant toxin

Glycoconjugate vaccine (1,4, 5, 6B, 9N,
14, 18C, 19F, 23F) conjugated to
meningococcal B OMP
Glycoconjugate vaccine (1, 3, 4, 5, 6B,
7F, 9V, 14, 18C, 19F, 23F) conjugated
to CRM197

Glycoconjugate vaccine (3, 4, 6B, 9V,
14, 18C, 19F, 23F) conjugated to either
tetanus toxoid or diphtheria toxoid
Glycoconjugate vaccine (6B, 14, 19,
23F) conjugated to tetanus toxoid
Glycoconjugate vaccine (4, 6B, 9V, 14,
18C, 19F, 23F) conjugated to CRM197
Glycoconjugate vaccine (1, 4, 5, 6B,
9V, 14, 18C, 19F, 23F) conjugated to
CRM197

23-valent licensed vaccine with novel
adjuvants (Quil A, QS21, MPL)
Glycoconjugate multivalent vaccine with
novel adjuvants (e.g., MPL)

PspA

PsaA

Pneumolysin

Basic R&D  Preclinical

+ +
+ +
+ +
+
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+ +
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Appendix C: Status of Vaccine Research and Development 2002

Target Agent

Streptococcus pneumoniae
(continued)

Tick-borne
Encephalitis virus
Toxoplasma gondii

Treponema pallidum
Trypanosoma cruzi
Varicella zoster virus
Venezuelan equine

Encephalitis

Vibrio cholerae

Yellow Fever virus

Western equine encephalitis
virus
Yersinia pestis

Vaccine
Autolysin

Neuraminidase

Glycoconjugate vaccine (11-valent)
linked to nontypeable H. influenzae
OMP

Glycoconjugate vaccine (1, 3, 4, 5, 6B,
7F, 9V, 14, 18C, 19F, 23F) linked to
either tetanus or diphtheria toxoid carrier
Phospholcholine

Synthetic peptide epitopes and capsular
polysaccharide combined

Genetic fusions (PspA-IL2 and PspA-
GM-CSF)

CpG moatifs cross-linked with 7-valent
pneumococcal vaccine

DNA vaccine

Inactivated, alum adjuvant
Recombinant parasite surface protein
(p30)

Live, attenuated parasites

Parasite surface protein expressed in
viral vector

Surface lipoproteins
Anti-idiotype/fibronectin

Recombinant peptide

Live, attenuated vaccine

Subunit, glycoproteins
Vaccinia-vectored glycoprotein
Inactivated, whole virus particles
Live, attenuated virus strain (TC-83)
Infectious clones

Killed bacteria plus toxin B subunit
Live, recombinant O1

Live, recombinant 0139

Conjugate lipopolysaccharide (LPS)
Live attenuated

Infectious clone

Inactivated, whole virus particles

Recombinant subunit

Basic R&D

+

+
+

+ +

+ +
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+
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Appendix D

cines Currently




ove

HEF-01

HE-01

CY-23
CY-24
HC-31
HC-32
HC-32
HIC-33
IY-03
I¥=03
I¥-03
I¥=03
=03

I¥-13

I%-13

In-13

IY-13

Division of Vaccines and Related Products Applications
Office of Vaccines Research and Review, Center for Biologics Evaluation and Research (CBER)

Vaccines Currently Licensed in the United Sates

Product Mame

Acellular Perussis Vaccine Concentrate
{For Further Manufacturing Use)

Acellular Pertussis Vaccine Concentrate
(For Further Manufacturing Use)

Adenovires Vaccine, Live, Oral, Type 4
Adenovires Vaccing, Live, Oral, Type 7
Anthrax ¥Yaccine Adsorbed

BC(G Vaccine

BCG Vaccine (Feissued)

Cholera Yaccine

Diphtheria & Tetanus Toxoids Adsarbed
Diphtheria & Tetanus Toxoids Adsarbed
Diphtheria & Tetanus Toxoids Adsarbed
Diphtheria & Tetanus Toxoids Adsarbed
Diphtheria & Tetanus Toxoids Adsorbed

Diiphtheria & Tetanus Toxoids
& Acellular Pertussis Vaccine Adsorbed

Diphtheria & Tetanus Toxods
& Acellular Pertussis Vaccine Adsorbed

Diiphtheria & Tetanus Toxoids
& Acellular Pertussis Vaccine Adsorbed

Diphtheria & Tetanus Toxoids
& Acellular Pertussis Vaccine Adsorbed

‘ Trade Name

Mo Trade Name

Mo Trade Name

Mo Trade Name
Mo Trade Name
Mo Trade Name
o Trade Name
Mycobax®

Mo Trade Name
Mo Trade Name
Mo Trade Name
Mo Trade Name
Mo Trade Mame
Mo Trade Mame

Acel-Tmune™

Tripedia®

Infanrix®

Certiva®™

June 2001

| 7-Dhec-91

20-Aug-92

(1 -Jul-80
(1 -Jul-&
(-MNov-70
1{-Jan-45
(- Cict-4
16-lul-52
29-Jul-70
2T-Aug=T0
1 1-Sep-T0
1E-Sep-84
I 1-Apr-97
| 7-Diec-91

20-Aug-92

20-Tan-97

29-Jul-98

License Date | License MNo.

114601

1156-001

-0 1
LLLEESE ]
1260-001
0956-005
1230-001
(-1
(1 7-001
1260-001
[LUAERE ]
127701
1 280-01
W1 T-001

1277-0001

OER-CH1

1 25-0001

Establishment

Takeda Chemical Indusiries, Lid,
Research Foundation for Microbial
Driseases of Osaka University
Wyeth Laboratories, Inc,!

Wyeth Laboratories, Inc,!

BioPort Corporation®

Urganon Teknika Corporation
Aventis Pasteur, Lud.?

Wyeth Laboratories, Inc.!

Ledere Lab. Div., Amer. Cyanamid Co.
BioPort Corporation?

Wyeth Laboratories, Inc,'

Aventis Pasteur, Inc.*

Aventis Pasteur, Lid,?

Lederle Lab. Div., American Cyanamid Co,

Aventis Pasteur, Inc?

SmithKline Beecham Biologicals

Morth Armerican YVaccine, Inc,
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Division of Vaccines and Related Products Applications
Office of Vaccines Research and Review, Center for Biologics Evaluation and Research (CBER)

Vaccines Currently Licensed in the United Sates
June 2001 (continued)

Product Name ‘ Trade Name | License Date | License No. | Establishment

I¥-0k5 Diiphthena & Tetanus Toxoids Mo Trade Name 27-Aug-70 1 260-0001 BioPort Corporation®
& Pertussis Vaccine Adsorbed

IY-05 Diphthena & Tetanus Toxoids Mo Trade Name 11-Scp-70 O30 Wyeth Laboratories, Inc.!
& Pertussis Vaccine Adsorbed

-5 Driphtheria & Tetanus Toxoids Mo Trade Name 03-Jan-78 1277-00)] Awventis Pasteor, Inc.?
& Pertussis Vacoine Adsorbed

BY-02 | Diphthena Toxod Adsorbed Mo Trade Name 27-Aug-70 1260-001 BioPorl Corporation?

HC-46 | Haemophilos b Conjugate Vaccing FroHIBIiT# 22=Dhec-B7 1.277-0001 Aventis Pasteur, Inc,?
{Diphtheria Toxoid Conjugate)

HC-47 | Haemophilus b Conjugate Vaccine HibTITER® 06-Dec-94 001 7-004 Lederle Lab. Div., Amenican Cyanamid Co,
(Diphtheria CRM 197 Protein Conjugate)

HC-48 | Hagmophilus b Conjugate Vaccine PedvaxHIBE® 20-Dec-89 (H)2-0001 Merck & Co., Inc,
(Meningococeal Protein Conjugate)

HC-50 | Haemophilus b Conjugate Vaccine ActHIE® 30-Mar-93 1279001 Aventis Pasteur, 5,45
(Tetanus Toxoid Conjogate) OmniHIB®

Y- 16 Haemophilus b Conjugate Vaccine Comvax® 02-Chot-96 (HO2-0Hh] Merck & Co., Inc.

(Meningococeal Protein Conjugaie)
& Hepatitis B Vaccine {Recombinant)

HC-45 | Haemophilus b Polysaccharide Vaccine | HibVAX® 20 Dec-85 1277-001 Aventis Pasteur, Inc.?

CY-29 | Hepatitis & Yaccine, [nactivated Havrix® 22-Feb-95 P09 SmithKline Beecham Biologicals

CY-29 | Hepatitis A Waccine, Insctivited VADTA® 29-Mar-S6 0002 -001 Merck & Co., Inc.

CM-01 | Hepatitis & Inactivated and TWINREIX® 11-May-01 P09 SmithKline Beecham Brologicals
Hepatitis B (Recombinant} Yaccine

CM-25 | Hepatitis B Vaccine (Recombinant) Recombivax HB® 23-Jul-86 OO -0Hh Merck & Co., Inc.

CM-25 | Hepatitis B Yaccine (Recombinant) Engerix-B* 2H-Aug-H5 D=0 SmithKline Beecham Biologicals

uoday uepJior ayL




8¢

Code

CY-02
CY-02
CY-02

CY-02

CY-(2

CY-30

HC-53
Cy-03
CY-22

CY-0d

HC-40

HC-39

HC-41

HC-d4

CY-08
HC-35

Division of Vaccines and Related Products Applications
Office of Vaccines Research and Review, Center for Biologics Evaluation and Research (CBER)

Vaccines Currently Licensed in the United Sates
June 2001 (continued)

Product Name

Influenza Yires Viasccine
Influenza Virus Vaccing

Influenza Virus Vaccine, Travalent,
Types A and B

Influenza Yires Vaceine, Trivalent,
Types A and B

Influenza Vimnes Vaccine, Trivalent,
Types A and B

Japanese Encephalitis Virus Vaccine
Inactivated

Lyme Disease Vaccine (Recombinant OspA)
Measles Vims Vaccine, Live
Measles and Mumps Vious Vaccine, Live

Measles, Mumps, and Rubella
Virus Yaccine, Live

Meningococcal Polysaccharide Vaccine,
Group A

Meningococcal Polysaccharide Vaccine,
Ciroup C

Meningococeal Polysaccharde Vaccine,
Groups A and C Combined

Meningococcal Polysaccharide Vaccine,
Groups A, C.Y and W-135 Combined

bumps Virus Vaccine Live
Pertussis Vaccine Adsorbed

Trade Mame

Flu-Immune®
Fluvirin®

Fluogen®

FluShield®

Fluzone®

JE-Vax®

LY MErix™®
Attenuvax®
M-M-Vax®

M-M-R*II
Menomunc®- A
Menomune™-C
Menomune™-AC
Menomune™- A
YAW-135

Murmpsvax®

Mo Trsde Name

License Date

07-Dexz-45
12-Aug-B8
2e-Mov-45

13-Dec-61

03-lan-T8

10-Drec-92

21-Dec-4E
26-Mov-68
1 E-Jul-73

22-Apr-T1

(13-Jan-T8

03-Jan-T78

03%-Jan-745

23-Mov-§1

28-Dec-67
12-0c1-67

License Ma.

017001
1262-001
1241-001

(O03-001

1277-001

1156-001

TS 0-00]
(02-00H
002001

O02-001

1277-001

1277-001

1277-001

1277-0411

(02-001
1260-001

Establishment

Ledere Lab, Div., American Cyoanamid Co.,
Medevi Pharma, Lid.®
Parkedale Pharmacenticals, Ine,”

Weth Laboratories, Inc.!

Aventis Pasteur, Tnc®

Research Foundation for Microbial
Dhseases of Osaka University

SmithKline Beecham Biologicals
Merck & Co., Inc.
Merck & Co., Inc.

Merck & Co., Inc.

Aventis Pasteur, Inc*

Aventis Pasteur, [nc.®

Aventis Pasteur, Inc®

Aventis Pasteur, Inc.®

Merck & Co, Tne.
BioPor Corporation®

S8]e1S paliun Yyl ul pasuadl Ajlualind sauldoeA :q xipuaddy
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Cuode

HC-26
HC-42
HC-42
HC-35

CY-28

C¥-11

Cy-12
CY-13
CY-14
CY-15
CY-15
CY-15
CY-27

CY-31

CY-18
CY-19
=10

Division of Vaccines and Related Products Applications
Office of Vaccines Research and Review, Center for Biologics Evaluation and Research (CBER)

Vaccines Currently Licensed in the United Sates
June 2001 (continued)

Product Name

Plague Yaccine
Preumococcal Vaccine, Polyvalent
Preumococcal Vaccine, Polyvalent

Preumococcal T-valent Conjugate
Vaccine (Diphtheria CRM 19T Protein)

Poliowirus Vaccine Inpctivated
{Human Diploid Cell)

Poliovims Yaccine Inactivated
(Monkey Kidney Cell)

Paolioviru: Vaccine Live Oral Trivalem
[Sabin Strmins Types 1, 2 and 3)

Poliovims Yaccine Live Oral Type [
Paoliovimus Vaccine Live Oral Type 11
Poliovirus Vaceine Live Oral Type 11T
Rabies Vaccine

Rabdes Vaccine

Rabies Vaccine

Rabies Vaccine Adsorbed

Raotavirus Vaccine Live, Oral,
Tetravalent®

Rubella Virus Vaccine Live
Smallpox Vaccine

Tetanus & Diphthera Toxodids Adzorbed
for Adult Use

‘ Trade Name

Mo Trade M
Preumovax™® 23
Prou-Imune® 23

Prevmar™

Poliovax®

IPOL*®

Crimune®

Mo Trade MNamse
Mo Trade Nume
Mo Trade MNume
Imovax® Rabies
Rabie-Vax®
RabAver®

Mo Trade Name

RotaShicld®

Meruvax®
Drywvax®

Mo Trade Mame

License Date
05O
21-MNaw-T7
15-Aug-T9
17-Feh-(k)

20-Mow-87

21-Dhec-9)

25-Jun-63

27-Mar-62
27-Mar-62
27-Mar-62
09-Jun-80
27-Dec-91
20-Dci-97
18-Mar-88

Al-Aug-98

0-Jun=6%
19-May-44
27-Jul-T0

Lirense MNo.

08002
DO02-00
00 7-001
OO 17-000

1280001

1279-001

01 7-0001

(117001
0017001
01 7-001
1279-001
1280-001
[322-001
1 260001

(003001

D00r2-0 1
OO05-001
(054-001

Establishment

Greer Laboratories, Inc,

Merck & Co,, Inc.

Lederle Lab. Div., American Cyanamid Co,

Lederle Lab. Div., American Cyanamid Co,

Aventis Pasteur, Lid.?

Aventis Pasteur, 5.A°

Lederle Lab. Dhiv., Amencan Cyanamid Co,

Lederle Lab. Div., Amenican Cyanamid Cao.
Lederle Lab. Div., Amenican Cyanarmid Cao,

Lederle Lab. Div., Amencan Cyanamid Co,

Aventis Pasteur, 845
Aventis Pasteur, Lid,?
Chiron Behring GmbH & Co,
BioPort Corporation®

Wyeth Laboratorics, Inc.!

Merck & Co,, Inc,
Wyeth Laboratories, Ine,!
Massachuseiis Public Health Biclogic Lab.
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Division of Vaccines and Related Products Applications
Office of Vaccines Research and Review, Center for Biologics Evaluation and Research (CBER)

Vaccines Currently Licensed in the United Sates
June 2001 (continued)

Product Name Trade Name | License Date | License Mo. | Establishmemnt
Y- 10 Tetanus & Diphiheria Toxoids Adsorbed Mo Trade Mame 20-Jul-70 (317000 Lederte Lab, Dhiv,, American Cyanamid Co.
fior Audult Use
Y- 10k Tetanus & Diphtheria Toxoids Adsorbed Mo Trade Mame 11-Sep-T (15001 Wiyeth Laboratories, Inc.!
for Adult Use
- 10 Tewanus & Diphtheria Toxoids Adsorbed | MNo Trade NMamse (13-Jan-T8 1277-001 Aventis Pasteur, Tnc.*
fior Adult Use
BY-05 | Tetanus Toxoid Mo Trade Name 14-Jan-43 12B0-001 Aventis Pasteur, Lid.®
BY-05 | Tewnus Toxoid Mo Trade Mame 19-May-d44 (0 3-0001 Wiyeth Labormtories, Inc,!
BY-05 | Tetanus Toxoid Mo Trade MName 03-Jan-T8 1277-001 Aventis Pasteur, Inc.*
BY-06 | Tetanus Toxoid Adsorbed Mo Trade Mame 20-Jul=T0k (317 =000 Lederle Lab. Dvv,, American Cyanamid Co.
BY-06 | Tetanus Toxoid Adsorbed No Trade Name 20-Tul-T00 (5-000 ] Mas=zachusetts Public Health Biologic Lab.
BY-06 | Tetanus Toxoid Adsorbed Mo Trade Name 2T-Aug-T0 1 260-001 Bioport Corporation®
BY-My | Tetanus Toxoid Adsorbed Mo Trade Nanme 11-Sep-T0 (I3 Wiyeth Laboratories, Inc.!
BY-(M Tetanns Toxoid Adsorbed T Amnatoxal 1 1-Dhec-T0 (32 1-0M01 Swiss Serum and Vaccine Institute Berne®
Berna®
BY-06 | Tetanus Toxoid Adsorbed Mo Trade Mamme 03-Jan-T& 1277000 Aventis Pasteur, Inc.*
HC-38 | Typhoid Yaccine Mo Trade Name 16-Jul-52 (030001 Wiyeth Laboratories, Inc.!
HC-49 | Typhoid Vaccine Live Oral Ty21a Wividif Berna®™ 15-Diec-B0 (12 1 -0 Bwiss Serum and Waccine Institute Berne®
HC-51 | Typhoid ¥i Polysaccharide Vaccine Typhim Vi® 2E-MNov-94 1279-00)1 Aventis Pasteur, 5.4.5
CY-26 Varicella Wimns Vaccine Live Warivax™ 17-Mar-95 (M12-0M01 Merck & Co., Inc.
CY-21 Yellow Fever Waccine YF-Vax™® 03-Jan-T8& 1277-0001 Aventis Pasteur, Inc *
Foutnotes
1. Wieth Laborsbories, Inc., 8 the new corporate namss for Wycth-Ayerst, Inc., effective Jaly 1. 1980
2. BicPort C-m'pmﬁlm u:ql.n:re:l proeduct pwnership an Movembere 12, 1998, from the Michigan Biologic Prodacts Instatube, formedly under the Mickigan Department of Public Fealth.
3. Awentis P Lad., duct o ship from Conmaughit Lobormories, Lod., effective Pebruary 24, 30040,
4. Asentis Pasacur, Inc., l.tll:um.'d prl:ull.I:I. aremership from Consaugin Labocatocies, Inc., eMective Docember 9, 194949,
5. Asentis Pasteur, S A, is the pew corporate name for Pasteur Mérieux Sénams et Vaocins, 5.4, efective Pebruary 4, K.

5. Meadewn Pharmea, Lad., obiained prodisct ownership from Evans Medical, Lod., effective chmb:r 3, 1998,

7. Parkedale: Phamaceulssls, Ine., is the new o

W, Bermea Producis Corp 15 e sabsidiary in Morth Amenca For Saise Senam and Vascine Instivas Bernds,

e prigduct oemer naee for Parke-Davas, Div, of Warser-Lambenl Co,, efective Apeil 20, 1998,
. Wyeth Lederle VWaccines anmounced that RomShield® is withdrmown from the market, effective Ocoober 15, 1599,
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Type of

Vaccine

Swbunit

DMNA

Live Yector

Peptide

HIV Vaccine Candidatesin Clinical Trials

Vaccine

AIDEWAR WM™

AIDSVAX B/B™
AIDEVAX B/B™

AIDSWAX B/E™
AIDSYAN B/A™

AIDSVAX B/E™
rgp 120 CM235/5F-2
rgp 160 THOZ3LAL-DID

Grag DNA
VRO 4302; gag-pol fusion DNA

Mulit-epitope + gag

vCP 1452

viCP 1521

w205 {dendnitic cells)

PolyEnv1 vaccinia
Adenovirus-gag

MVA-mulit-epitope + gag

LIPOS
LIPOGT

B and E

B and E

B and E

E and B

Eand B

December 2001

Developer/Manufacturer

VaxGen

VaxGen
Vaxien

Vax(Gen
VaxGen

VaxGen
Chiron
Aventis Pasteur

Merck
Vaccine Rescarch Center
Cobra Pharmaceuticals

Aventis Pasteur
Aventiz Pasteur

Axvcntis Pasteur

St Jude Children's Rescarch Hospital

Merck
Impfstoffwerk
Dressan-Tornan
GmbH (IDT)
Aventis Pasteur

Aventiz Pasteur

Conducting
Trial

MIAILs HYVTM
VaxGen
VaxGen

Vax(Gen

NIAIDYs HY TN
WRAIR
WEAIRK
WERAIR

Merck
MIAID

O AVT, KAV, TAVI

NIAILD's HVTMN

WERAIR

WRAIR

St Jude Children's
Research Hospital

Merck

AN, KAV,
LANW]

AMNES

ANERS

Status

Phase Il Caribbean,
South Amverica
[with vCP1452)

Phase 11 United States (with
viCP1452)

Fhase 111 Morth Amernica,
Europe

Fhase [ Thailand

Phase [1 United States {with
viCP 1452)

Phase II Thailand {with
vCPI521)

Phase I/TT Thailamd (with
viCPI5Z1)

Fhase I/IT Thailand (with
vOCP1521)

Fhase | United States
Phase | United States

Phase | United Kingdom,
Kenya

Phase [1 United States,
Caribbean, South America
(with AIDSWVAX WM™

Phase I/II Thailand (with

gpl 200 CM23I55F-2 or rpg 160
THOZALAI-DITY)

Phase | United States

Phase | United States

Phase | United States
Phase | United Kingdom,
Kenya

Phase I France

Phase 1 France

ANRS, French National Agency for Research on AIDS; HIV, human immunodeficiency virus, HVTN, HIV Vaccine Trials Network; AV, International AIDS Vaccine Initiative;
KAVI, KenyaAIDS Vaccine Initiative; NIAID, National Institute of Allergy and Infectious Diseases; OXAVI, Oxford AIDS Vaccine Initiative; WRAIR, Walter Reed Army
Institute of Research
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HIV Vaccine Candidates in Preclinical Development

December 2001

Vaccine®

HIV Subtype

Preclinical Partners®*

Adeno-associated virus expressing multiple genes C Targeted Genetics, Ohio State University, TAV]
Adenovirus expressing multiple genes (replicating) B NCI
ALVAC expressing multiple genes A Aventis Pasteur
DMA and nonreplicating adenovirus expressing multiple genes B Merck
DMA and nonreplicating adenovirus expressing multiple genes B NIAID Vaccine Research Center
DMA and MVA expressing multiple genes B. A/G Emory University, NIAID, CDC
MVA expressing multiple genes AD WRAIR
DMA, Sindbis replicons expressing multiple genes, novel B.C Chiron, NIAID
recombinant envelape proieing
DMNA expressing multiple HIV genes, DNA expressing cytoking B Wyeth-Lederle, NIAID
gene and peptide boost
DNA and fowlpox expressing multiple HIV genes and cytokine E.E University of New South Wales, NIAID
DMNA-enmv and envelope protein Multiple ABL, NIAID
Gpl20 and regulatory proteins B GlaxoSmithKline
MWA expressing multiple genes, including CCR5-using envelope B.C Therion, University of Massachusetts, NTATD, LAV]
MVA, NYVAC, DMA, Semiliki Forest Virus expressing multiple C EuroVac, Aventis Pasteur
genes and envelope protein
Salmonella expressing multiple genes A AG B THV, TAVI, NIAID
Vaccinia-env and envelope proteins Multiple St. Jude Children’s Research Hospital, NIAID
VEE-gag C AlphaVAX, TAVI, NIAID
VEE expressing multiple genes (replicons) C AlphaVAX, NIAID, WRAIR, 1AVI

*CCRS, COC chemokine receptor 5; HIY, human immunodeticiency viras; MYA, modified vaccinia Ankara; NY VAC, attenuated vaccinia viras; YEE, Venezuelan equine encephalitis
virus, VL, virus-like particles. **ABL, Advanced BioScience Laboratories, CDC, Cemters for Dizsease Control and Prevention; EuroWac, conzortium of 21 laboratories in 8 European
countries funded by the European Union; LAY Intemational AIDS Vaccine Initiative; IHY, Institute of Human Virology; NCI, National Cancer Institute; NIAID, National Institute of
Allergy and Infectious Diseases; WRAIR, Walter Reed Army Institute of Research.
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Appendix G: Recommended U.S. Childhood Immunization Schedule

Recommended Childhood Immunization Schedule
United States, 2002

| & o recommended | behi 4l et
Agew 1 z i & 1z 15
Vaccine, Birth [ mos | mos | mes | mos | mos
[Fp B #1 | ooty rrmctterimang - |
Hapatitis B® 1
Hep B #2 I Hep B #3 |
nl,"""“':l':':" T OTaP | DTaP | DTaP [ oDTmap
Haemophilus
i s Type b? Hilkx Hilk Hik Hr
Inactivated Polic® 1Py 1P 1%
Measies, Mumps, I
Ruballa® | Illllﬂ
Varlcalla® | Varicella
Pneumococcal’ PCV PCY PCW I PCWV
----------- Wacoires below this line are for sslected populations - ——=-=f-=====q======-
Hepatitis A%
infiuenza® [
| |

This schedule indicates the recommended ages for routine administration of currendy lcensed childhood vacdnes, as of December 1, 2004, for chikiren through age 18
years. Ay diose nol given al the recorenanded age should be ginen al sy subsequenl visil when indicaled and fessibie -Indmm;r&upﬁ Lhal warrant specsl
affar o adminisiar fhose vactnas nol presdously gvan. Addilional vaccings may ba licensad and recommandad during the year, Lcansed combinaton vaccines may ba
;r:n:lwrmnn-m’ any campanenis al the combination are indicaled and e vacone’'s offwer components are nol contraindicabed. Froviders should consull the manuteciurons’

for detailed recommendations.

1. Hepatitis B vaccine (Hap B). Al nfants should receie the first dose of
hepalilis B vaccing soon afler birh and befors hospilal deschange: the first dose
may Ak ba given by age 2 moentha i e infants mother i HBaAg-negaiive
Oy monovakend hapaliis B vacoing can b usad for the birth dose.
Monovalent ar combination wacdne nnnurrgl-lm 1] mn-bu usﬂdum
1he sarias; four dosss of i may ba admi |l VAL 5
used. Tha sanand dosa Should be ghvan al kast 4 woaks afer tha first dosa,
pxcept for Hib-contsining wacone which cannal be adminstersd befors age 6
woeks. The thind dose aheuld be given o leaal 16 wesla aller the el doss
and at lnas! 3 waaks afer the sacond dosa. The sl doss 0 e veceinaion
sarizs Cthird or fourth dose) should rot bs adminsieresd I:lu'lurl:agaﬁ manths.

Rk vt Bacoivh b Vs Fop-gcomil s i swcoulil rsiosives hepalite B
wacrzires and 0.5 ML hapsditis B imming giobubn (HBIG] within 12 hours of Bk
al separabe siles. The second dose s recommended al age 1-2 manths and
the vaccinalion seres should be completed (third or fourth dose] al age &
manths,

the firsl dose nl Um he-mu:ﬂ-nnune spnEE 'ﬂhn 12 hul.r: of birth. Maternal
bleaced shwciddd b creram all e B of dalvery 1o determirs tha mothers HBsbAg
staius; If tha HEsAQ hest is posiive, the infant should recaive HEKG a5 soon as
pos=ibks {no laler fan age 1 weskl

%, Diphtheria and tetanus toxelds and acellular pertussis
vaccing (DTaP), The feurih dose of DTaF may Be adminslemed g sty a8
age 12 moedes, provided B monihs feos slapsed snce (he third dose and e
child & unlkaly to ratum ai age 15-18 months. Telanus and dighSharia
takoids (Td) & recommended al age 11-12 yoars i al kst & years have
alagraed gings e Bal doss of lelarus and diphihens oaoid-canlainng
viacoing. Subeanimnt ruling T Bodshers & recomnandnd avany 10 yaam,

3. Haemophilus influenzae type b (Hik) conjugate vaccine. Thres
Hit oomjugats vacdnes ane licensed for infant use. § PRP-OMP [PadywadHIBE
ar Comyas [Merck]) is admisiaed 5l ages 2 and 4 montha, a dose al age &
maniha i nol Fequird. DTaPHib oombinaion products should nal ba used Tor
primary immunizasion in irants ot ages 2, 4 or & manths, but can be used as
boostens folowing any Hib vaccine.

4, Inactivated polio vaccine (IPV]. An al9 schedule is recommended
fior roiine chifihood polio vaccira@ion in the Uviled Skatss. AN chidnen shoud
raaivg Tour doses of IPY al ages 2 monte:, 4 manths, §-18 manihs, and

d-ti years,

5. Maasles, mumps, and rubella vaccine (MMR). The second doss of
AR s recommended routinely &t age 4-6 years bt may be adminsiered
durireg any visil, provided at least £ weaks have elapsed sinca tha firsl dosa and
that bath doses are administered beginning a or after age 12 months. Thosa
wiia have nol previously recened the second doss should complele the
achiaduba by s 11-12 yaar old visil,

6. Varicella vaccing. Varicalla vacoirs is ecomimsnced al any visi at o
afer age 12 manths far susceplible childmn, La. those who lack & relabia
histany of chickanpax &mplhnpﬂmagid:- 13 yesairs showld recehw han
dcann, given & aaal 4 weesks apan

7. Pneumococcal in@. Tha heptaealant | ecnjisgab
wascing (PCV] & racommandad for al Mm‘-ml-ﬂﬂm‘ﬂ'ﬁ s Elil:l
recommended for certain children age 24-85 monis. Preumooeocal
polysaccharide vaccine (PPV) is recommendsd in addition o PGV for gerain
high-risk grouge. Sas MMWER 200040RR-§);1-35

8. Hepatitis A vaccine. Hepaflis & vacdne s recommanded for usa in
sakeched stabes and regiors, and for cartain high-risk groups; consult your local
puiic heaith muthority. See MMWR 1 890:48(RR-12);1-3T.

4. Influenza vaceing. busrza waccing i recormmanded annualky for
childran age = 6 morde with cedan rek Boors {induding bul net limited o
alhima, cAndiac dEaasaa, Skl call disaass, HIV, disbatat saa MWIR

2001 50|RF-d);1-44), and can be administersd 1o all others wishing 1o obizin
immunity. Childran aged <12 ysamns should recess vaccins in a dossges
apgropiale for thair age (0,25 ml il age 5-35 months or 0.5 mL T aged = 3
yuars). Chiidren aged < B years who ane recshang influenza vacoing for the first
time should recehns bwo doses saparabed by &t leasl d wesks,

For addilional infarmation aboul vaccmes, vaccine supply, and contraindicalions for immunization,
[pleasa visit tha Matonal Immunizetion Program Webslta at www odcgovinip
ar call the Naticnal Immunizaton Hotling at 800-232-2622 (English) or 800-232-0233 (Spanish].

Approved by the Advisery Committes on immunization Practices (v coe qovnipacin), the American Acadermy of
Pediatrics {yww.asp orgl, and the American Academy of Family Physicians [waw aalp orgl
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Appendix H: Recommended U.S. Adult Immunization Schedule

2/4/2002 SUMMARY OF ADOLESCENT/ADULT IMMUNIZATION RECOMMENDATIONS

Agent Indications Primary Schedule Contraindications Comments

Tetanus and All adults Two doses 48 weeks apart, third dose 612 Neurologic or severe WOUND MANAGEMENT:
Diphtheria All adolescents should be assessed at 1412 | months after the second. No need to repeat hypersensitivity reaction | Patients with three or more
Toxoids or 14-16 years of age and immunized if no doses if the schedule isnterrupted. to prior dose. previous tetanus toxoid doses: (a)

Combined (Td)

dose was received during the previous 5
years.

Dose: 0.5 mL intramuscular (IM)

Booster: At 10 year intervals throughout life.

give Td for clean,minor wounds
only if more than 10 years since
last dose; (b) for other wounds,
give Td if over 5 years since last
dose. Patients with less than 3 or
unknown number of prior tetanus
toxoid doses; give Td for clean,
minor wounds and Td and TIG
(Tetanus Immuwe Globulin) for
other wounds.

Influenza a. Adults 50 years of age and older. Dose: 0.5 mL intamuscular (IM) Anaphylactic allergy to Depending on season and

Vaccine b. Residents of nursing homes or other eggs. destination, persons traveling to
facilities for patients with chronic medical Given annually each fall and winter. foreign countries should consider
conditions. Acute febrile illness. vaccination.
c. Persons>6 months of age with chronic Any person > 6 months of age who
cardiovascular or pulmonary disorders, wishes to reduce the likelihood of
including asthma. becoming ill with influenza should
d. Persons >6 months of age with chronic be vaccinated.
metabolic diseases (including diabetes), Avoiding subsequent vaccination
renal dysfunction, hemoglobinopathies, of persons known to have
immunosuppressive or immunodeficiency developed GBS within 6 weeks of
disorders. a previous vaccination seems
e. Women in their 2nd or 3rd trimester of prudent; however, for most
pregnancy during influenza season. persons with a GBS history who
f. Persons 6 mo-18 years of age receiving are at high risk for severe
long-term aspirin therapy. complications, many experts
g. Groups, including household members believe the established benefits of
and care givers, who can infect high risk vaccination justify yearly
persons. vaccination.

Pneumococcal a. Adults 65 years of age and older. One dose f@ most people* The safety of PPV If elective splenectomy or

Polysaccharide
Vaccine (PPV)

b. Persons>2 years with chronic
cardiovascular or pulmonary disorders
including congestive heart failure, diabetes
mellitus, chronic liver disease, alcoholism,
CSF leaks, cardiomyopathy, COPD or
emphysema.

c. Persons > 2 years with splenic dysfunction
or asplenia, hematologic malignancy,
multiple myeloma, renal failure, organ
transplantation or immunosuppressive
conditions, including HIV infection.

d. Alaskan Natives and certain American
Indian populations.

Dose: 0.5 mL intramuscular (IM) or subcutaneou
(S€)

*Persons vaccinated prior to age 65 should be
vaccinated at age 65 if 5 or more years have
passed since the first dose. For all persons with
functional or anatomic asplenia, transplant
patients, patients with chronic kidney disease,
immunosuppressed or immunodeficient persons,
and others at highest risk of fatal infection, a
second dose should be given-at least 5 years
after first dose.

during the first trimester
of pregnancy has not
been evaluated. The
manufacturefs package
insert should be
reviewed for additional
information.

immunosuppressive therapy is
planned, give vaccine 2 weeks
ahead, if possible.

When indicged, vaccine should be
administered to patients with
unknown vaccination status. All
residents of nursing homes and
other longterm care facilities
should have their vaccination
status assessed and documented.

Measles and a. Adults born after 1956 without written At least one dose. (Two doss of measles- a. Immunosuppressive | Women stould be asked if they
Mumps documentation of immunization on or after | containing vaccine if in college, in health care therapy or are pregnant before receiving
Vaccines** the first birthday. profession or traveling to a foreign country with | immunodeficiency vaccine, and advised to avoid
b. Health care personnel born after 1956 second dose at least 1 month after the first). including HIVtinfected pregnancy for 28 days after
who are at risk of exposure to patients with persons with severe immunization.
measles should have documentation of two | Dose: 0.5 mL subcutaneous (SC) immunosuppression.
doses of vaccine on omfter the first birthday b. Anaphylactic allergy
or of measles seropositivity. to neomycin.
c. Hl\tinfected persons without severe c. Pregnancy.
immunosuppression. d. Immune globulin
d. Travelers to foreign countries. preparation or blood/
e. Persons entering postsecondary blood product received
educational institutions (e.g., college). in preceding 311
months.
e. Untreated, active TB.
Rubella a. Persons (especially women) without One dose. Same as for measles Women should be asked if they
Vaccine** written documentation of immunization on or and mumps vaccines. are pregnant before receiving

after the first birthday or oSeropositivity.

b. Health care personnel who are at risk
of exposure to patients with rubella and who
may have contact with pregnant patients
should have at least one dose.

Dose: 0.5 mL subcutaneous (SC)

vaccine, and advised to avoid
pregnancy for 28 days after
immunization.
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The Jordan Report

Agent Indications Primary Sehedule Contraindications Caomments
Fenaine [ a. Pemons with coospatonal nsk of Thres dosss: second dose 1-2 months. after the Anaphylacic alergy b & Parsons with serclogic markers
WVaCEng aapCaEU e o Do of Blood-canlaminaled ird, thind dose 48 manihs alar e Tiesl yaasl off priad oF Comgnuing hapalits B
body Auids. wirus infection 9o nol neaed
b. Glismts ard staff of instiutions for the Wao need 1o slart senes over i scheduls immunzation.
HavEny: lally chanhbed intarupied, Can slan saisa wilh one B For hamodialysis pafianis and
0. Hemodialysis patams. manuiaotrer's vaccine and firish with another. o immunodelicient or
d. Recipients of clolingfactor conpenirates. = .
8, Hougaheld conlacts and sax paroes of Daoe (Adully inlrarusadar (1M} AR s dounlad o
those chronkcaly imocbed with HEWV. Roeoombeax HEBE: 10 : gMl.0 mlL {green cap) spodal preparation s used.
I, Famiy mambers of sdoplees from Ergece-BiE: 30 ; g, 0mL (orange cap) & Prognand pomen should ba
Conmiied whane HEVY infaclion i endemic, il Saro-goredned far HEEAD s, &
adoplons oo HBSAg=. Doso (Agolesoents 11-18 years o indramuscular s, W infants n'm'a'h
. Corsin inlemalional iray elers, L] @ean posl- rophy
h. Injeciing dnug users Rapombivax HBE: 5 : @05 ml {yed ko cap) baginming ar ddnh.
L. Men who Fave sox Wi men. Enggari-BE: 10 @ gl B mil [1igh blus o) d. Fosb-oaposunt prophylods
j. Halamaousl mean o waman sith B ACIP or
mubipla Sex partnars of recent apiscss of Two dosas (Only for Adolasoents 11-15 yearsT state or local immunizabon
scoaually ransmithed dsease. I'H:rlmum.llr [I'll. 46 maonths apart. PrOgram.
k. Inmaine ol lang-lerm correctional tadlites. ictesd to R i HEE: 10 ; gl 0mil
L Al unvaccinated adokscans gresn cap)
Becalar: Hong presently recommanded,
Foliowinis Routing vaccination of those =18 years of Uni zad adak 1B Arapiglactc In instances of polential esposune
WFaocine: age residing in the U5 is not necessary. IFY Is ecommended - two doses al &8 week reaction following B0 wild podiowines, adulls who have
Waatinalion & reoomrenced for e vk, thied deds §13 montha aller asoind pravious dose of o Feadd & primary sedas of OFY or
IFY - Inaciivaiad | folowing high-risk adulis: joan ba as soon as 2 manihs] Dosa: 0.5 mL siremiomycin, P may ba ghven 1 more dosa of
Waocing; a. Travolers fo arcas or oouniries whene subculaneous (5C) or inframusoular (8. pad ey B, o [ "8
poloryaliie is apices of andemic PTG,

QFY = Oral (ivaj
Vacoing

b. Abesminers of coOmmUnies of specific
population groups with disease causad by
wild poloviuses
0. Labomlory workers wha handie
spmcimens fhal may conbain poliovinses.
d. Healk cars workees who have cloas
ooriact with p.nth'u wina may ba

v wild pok
A, Unvaccinabed adults whosa childran
will b racaiving OF.

Partially immunized acclasoenssiadus:
Complets primary senes with IPY (IFY schedule
shewwr aboval

OPY iz ro longer recommended for use n e
United Siates

Although no adversa effects hawe
e documenied, vacoraton of
pragnant waman shouid ke
idad. H H
projecion is requinsd, pregnant
waman may b gven [PV i
accardance with the
repormmenced schedubs Tor aduls.

Wancela Vaccine

#. Pemsone of any sge without 3 mlable
higtory of varicalla diaaase of vacdnalien, of
whix are seronogative for variosila.

b. Susceptible adolescoms and aduls IWing
in houssholds with childmn,

0. A suscephble hoal cars workers.

!1. Suscepiible rumihdunnlnl:lsﬂf

0. Susceplizie persons in tha folowing

groups who s at Figh risk for seposune:

- parECrE Wind ve oF WO in ervircnmants
in which transmission of varicella is Ikoly
{(#.0., sachers of young chidren, day care

yaas, residants and siall in
Inﬂﬂinnnl sofings ) or can ooour (6.,
ey, and st of
mrr\uﬂ-unnl institubions, mililan
penonnel]
- porpregnan women of chldbeanng age
= inbadnsrteonad TrasEbars

For pereorm « 13 years of age, one doss,

For perwdr 13 yaars of age aed ohdar, e
doses soparaled by &8 wooks. I =8 wooks
slapae following e frs doss, the second dose
can ba pdmivigland withoel realating

el Schod b,

Daes: 0.5 mL subculanaces (505

& Anaphyiactic slergy
b gadalin or i
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WEB SITES
Government Agency Web Sites:

National |mmunization Program, Centersfor Disease Control and
Prevention
http://www.cdc.gov/nip/default.htm

National Vaccine Program Office, Centersfor Disease Control
and Prevention
http://www.cdc.gov/od/nvpo/

Center for Biologics Evaluation and Research, Food and Drug
Administration
http://www.fda.gov/cber/index.html

Bureau of Health Professions, Health Resources and Services
Administration
http://bhpr.hrsa.gov/

Division of Microbiology and Infectious Diseases

National Institute of Allergy and Infectious Diseases, National
Institutes of Health
http://mww.niaid.nih.gov/dmid/vaccines/

Other Web Sites*:

World Health Organization (WHO)
http://www.who.int/health_topics/vaccines/en/

This site's section on vaccine safety educates visitors on
current immunization issues and how vaccines are developed
and distributed. It displaysimmunization statistics, maps, and
charts. The site also describes the Global Alliance for Vaccines
and Immunization (GAV1). WHO's perspectiveisglobal andthe
site’s content is also available in Spanish and French.

Global Alliancefor Vaccinesand |mmunization (GAV1)
http://www.VaccineAlliance.org

This site provides up-to-date information about GAVI and the
Global Fund for Children’sVaccines.

Children’sVaccine Program
http://www.ChildrensVaccine.org

The resources section of the site offers many free materials,
including advocacy-related publications and information on
diseases and vaccines.

ImmunizationAction Codlition

http://ww.immunize.org

Thissite offersinformation and materials on awide variety of
diseases and vaccines. It isavailablein English and other
languages.

Media/Materials Clearinghouse at Johns Hopkins University
http://mww.j huccp.org/mmc/immune/

Thissite provides accessto awealth of immunization materials,
posters, videos, photographs, and literature. Many immuniza-
tion education materials are available from sources outside the
United States.

Vaccine Page

http://www.vaccines.org

This site provides the latest vaccine news and links to high-
quality vaccine sites.

National Network for Immunization Information (NNii)
http://www.immunizationinfo.org

This site is designed to provide healthcare professionals, the
media, policymakers, and the public with up-to-date, science-
based information onimmunizations. The sitefeaturesa
searchable database of information on diseases prevented
through immunization; alisting of all State vaccination require-
ments; and thrice-weekly Immunization Newsbriefs, which
highlight vaccine issues in the news. It also includes back-
ground on vaccine development and vaccine safety, guidelines
for how to evaluate health information on the Internet, and an
image gallery of the effects of vaccine-preventable diseases. The
NNii Resource Kit, Communicating Wth Patients About
Immunization, isalso available herein downloadable PDF
format.

Every ChildBy Two (ECBT)

http://www.ecbt.org

This site containsinformation about the Every Child By Two
early immunization campaign, but also hasinformation for
providers and parents. The content includes a newsletter with
current information on immunization issues, and an el ectronic
version of CDC's Parents’ Guide to Childhood Immunization,
which discusses individual vaccines and topics such as keeping
immunization records.

*DMID, NIAID, and NIH are not responsible for the content of
these Web sites.
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